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Title No. 56-8 


Fire Resistance of a Prestressed 


Concrete Floor Panel 


By G. E. TROXELL 


General fire resistance features of conventional reinforced concrete and 
prestressed concrete are compared. Results are given of a 4-hr standard 
ASTM fire test on a 16 x 16-ft prestressed floor panel having an edge beam 
and an interior beam. Both beams and the 6-in. floor slab were post- 
tensioned and the cables were not grouted. Temperatures at several 
thermocouples on the steel cables and in the concrete were observed during 
the test. With a 1'-in. clear protection for the slab cables and a 2-in. 
clear protection for the beam cables no structural failure occurred during 
the 4-hr fire test. The temperature rise of the top surface of the 6-in. slab 
exceeded the allowable after 3 hr 51 min. 


@ THe NECESSARY CLEAR CONCRETE COVERAGE of the steel reinforcement to 
qualify a conventionally reinforced concrete structure for a particular fire 
resistance rating is specified in most building codes. However, since suffi- 
cient information based on tests conducted in the United States is not avail- 
able, corresponding requirements for prestressed concrete are not specified 
in these codes although tentative recommendations have been prepared.* 
The recommended coverages are more than is required for conventional 
concrete for two reasons: 

1. Cold drawn steel wire used for prestressing is more sensitive to high temperatures 
than conventional reinforcement, and it usually carries a stress which is a higher pro- 
portion of its ultimate strength than does conventional reinforcement. 

2. Continuity, which is probably more common with conventional reinforced 
concrete, has a marked effect in improving fire resistance. Current designs for pre- 
stressed concrete building construction usually do not provide for continuity, but this 
condition is gradually changing. 


Some compensation for these adverse conditions in prestressed concrete 
results from the fact that it is quite common to use many wires spread over 
the section so that some have more than the minimum coverage even at 
midspan, and usually some of the wires on both sides of midspan are bent 
upward and away from the bottom of the beam which gives them morc 
protection than at midspan. 

*ACI-ASCE Committee 323, “Tentative Recommendations for Prestressed Concrete,” ACI Journat, V. 29, 
No. 7, Jan. 1958 (Proceedings V. 54), pp. 545-578. 
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To supplement the available information on fire resistance of prestressed 
concrete, a floor panel was constructed and tested using the furnace and 
facilities of the Fire Prevention Research Institute, Gardena, Calif. 


DESCRIPTION OF TEST PANEL 


The panel was designed for a live load of 75 psf in accordance with the 
‘‘Recommended Practice for Design of Prestressed Concrete Structures’ of 


the Structural Engineers Association of Southern California. 


Details of the test panel are shown in Fig. 1 and 2. Its width and length 
were 15 ft 8 in. and 16 ft, respectively. The 6-in. slab was supported at one 
end by an 834 x 14-in. beam, 15 ft 8 in. long, suspended on a 14-ft span. 
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Fig. 1—Plan of test panel. Dimensions at thermocouples and hygrometer points 
indicate distance of measuring point from bottom surface of test slab 
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TABLE 1—RELATIVE HUMIDITY IN CONCRETE 


Hygrometer Location Distance from bottom, 
Number in. 


felative humidity, 
percent 


Interior beam 10 66.5 
Interior beam 70 
Interior beam 70 
Slab 61.5 
Slab 3 64 > 


Near the other end of the panel the slab was supported by a 17!4 x 14-in. 


interior beam which also was 15 ft 8 in. long and suspended on a 14-ft span. 


The clear span of the slab between beams was 10 ft 5 in. 

Concrete mix proportions were 1:2.09:3.20 by saturated surface dry 
weights, and the maximum size of the siliceous gravel aggregate was 1 in. 
The net water-cement ratio was 4.92 gal. per sack of cement. The concrete was 
allowed to dry after curing for 7 days. Its compressive strength was 5730 
psi at 25 days and 6005 psi at 278 days, at which time the fire test was 
conducted. 

The floor slab was prestressed longitudinally using seven draped cables 
which were 1/4 in. clear from the bottom at midspan. Transversely the slab 
was prestressed using four straight cables at middepth. The small edge beam 
was prestressed using one draped cable 2 in. clear from the bottom but the 
large interior beam was prestressed using two draped cables, one above the 
other. The lower cable was 2 in. clear from the bottom while the upper one 
was 4 in. clear. 

Each %-in. cable contained four high tensile, cold drawn, stress relieved, 
prestressing grade, !4-in. wires having an ultimate tensile strength of 247,500 
psi and a yield strength at 0.2 percent offset of 215,000 psi. The cables were 
not grouted but were filled with mastic to serve as a lubricant and to protect 
against corrosion. At 25 days the wires were post-tensioned to 110 ksi or 
21.5 kips per cable. At 253 days they were stressed to 150 ksi or 29.4 kips 
per cable. The effective prestress was assumed to be 135 ksi. 

Nine thermocouples were bonded to the cables in the slab and beams at 
various distances from the bottom 





surface. Also, two thermocouple 
G. E. TROXELL, professor of civil 


engineering, University of California, 
Berkeley, has been in charge of many 
fire tests of building constructions during 
. ee the st 20 years. He is an ACI 
above the bottom surface. rhe loca- member; the author of several Journal 
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ireproofing or Fire Protection of 
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“trees’’ were embedded in the con- 
crete slab, each tree having thermo- 
couples located at 1, 14, 2, and 2% in. 


additional one in the concrete of the 
interior beam are shown in Fig. 1. The 


customary nine thermocouples were 
located on the top surface of the slab 
for use in determining the temperature 
rise there. 
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The relative humidity at five locations in the concrete was determined 
periodically by using electric hygrometers inserted into pipes embedded at 
different depths. The day before the fire test the observed values were as 
shown in Table 1. 


Test equipment 


The furnace used in the test complied with the requirements of ASTM 
E119, “Standard Methods of Fire Tests for Building Construction and 
Materials,”’ and had inside clear dimensions of 12 ft 5 in. x 15 ft 8 in. 
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Fig. 2—Sections of test panel 
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A rigid steel restraining frame of 12-in., wide flange, 65-lb sections was 
used on all four edges of the test panel to restrain it against thermal defor- 
mations and to simulate conditions in a building. The four hangers for the 
test panel were suspended from two cross beams supported by the restraining 
frame. 

Test method 

The test procedure was in conformity with ASTM E119, the furnace 
temperature reaching 2000 F at the end of the 4-hr test. A uniformly distrib- 
uted live load of 75 psf was applied by means of thirty 55-gal. drums con- 
taining sand, each of which was supported on three bricks on edge. 

Deflections of the panel at midspan of slab and of each beam were observed 
using an engineer’s level. Continuous observations were made of the con- 
dition of both the exposed and unexposed surfaces during the entire test. 


TABLE 2—TEMPERATURES OF CABLES AFTER 4-HR FIRE TEST 


Structural element Slab Beam Slab Beam 
Clear distance above bottom, in. 2 3 


Maximum temperature, deg F 
Average temperature, deg F 


TABLE 3—TEMPERATURES OF CONCRETE AFTER 4-HR FIRE TEST 


Distance above bottom, in. l 


Maximum temperature, deg F 1322 
Average temperature, deg F 1258 


TABLE 4—DEFLECTIONS OF FLOOR PANEL 


Deflection, in 
Elapsed time, hr:min 
Midspan of edge beam Midspan of interior beam Midspan of slab 


0:00 0.02* 0.04* 0Og* 
0:15 0.46 0.72 03 
1:00 0.50 1.39 > 02 
2:00 0.56 1.81 56 
3:00 0.62 1.88 > O4 
4:00 0.63 ».17 57 


Defiections after furnace fire was extinguished 


O:15 0.43 1.96 
3:35 0.46 1.01 
49:00 0.41 0.68 


Defiections after removal of live load 


0:00 0.44 0.59 
50:00 0.42 0.55 


*Caused by live load. 
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a an Fig. 3—Temperature rise of 
—_ unexposed surface of slab 
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Temperatures of the top surface, of several of the prestressing cables, and 
of the concrete at various distances from the exposed face were observed by 
means of 27 thermocouples. 


TEST RESULTS 


Temperature rises for the unexposed face of the panel are shown in Fig. 3. 
The average temperature rise reached the maximum allowable value of 250 F 
after 3 hr 51 min, but even after 4 hr the maximum temperature rise at any 
one hot spot was only 297 F, although the allowable is 325 F. 

Temperatures of the cables after the 4-hr fire test are summarized in Table 
2. Although the temperature of the slab cables was as high as 942 F, no 
structural failure occurred, even though 750 F is considered the critical value 
as a result of several tests conducted in England with a 50 percent overload, 
and 840 F is taken as the critical value as a result of many tests conducted 
in Holland with only the design load applied. 


Temperatures of the concrete after the 4-hr fire test are shown in Table 3. 


The exposed surface suffered some damage by cracking and spalling, caused 
probably by a higher moisture content there as the bottom form was not 
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stripped until about one month before the fire test. Beginning at 14 min after 
the start of the test, and continuing for the next hour, several shallow spalls 
of concrete occurred. They were principally at the lower corners of the two 
beams. At the end of the test, as shown in Fig. 4, most spalls were not deeper 
than about | in. However, one spall at a corner was 2) in. deep, but no steel 
was exposed. Fig. 5 shows the interior beam where the deepest spall occurred. 
No spalls developed in the slab, but a few cracks occurred near each beam as 
shown in Fig. 4. 


The unexposed surface developed cracks in the slab up to 14 in. wide, 
adjacent to the beams, and a few diagonal cracks at the corners, as shown in 
Fig. 6, but their width reduced markedly when the slab cooled. All cracks 
must have been tight at the exposed face’as dry cotton waste applied over 
them was not even browned. 
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Fig. 4—Reflected view of bottom of panel after 4-hr fire test showing widths of cracks 
and depths of spalled areas. All spalled areas for which depth of spall is not shown, 
range from zero to % in. in depth 
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Fig. 5—West end of interior 
beam after 4-hr fire test 


Maximum deflections of 0.63, 2.17, and 3.57 in. at the midspans of the 
edge and interior beams and at the center of the slab were noted at the end 
of the fire exposure test as shown in Table 4. These reduced to 0.41, 0.68, 
and 1.75 in. after the panel had cooled. On removal of the live load the 
final deflections were 0.42, 0.55, and 1.51 in., respectively. 


Two 6 x 12-in. concrete cylinders from the group cast with the slab were 


placed in the furnace (but under no stress) for the full duration of the fire 


test, and were subjected to the same temperatures as the floor panel. After 
cooling 2 days they developed a compressive strength of 4600 psi, a reduction 
of 23 percent from the strength of 6005 psi for similar cylinders before the 
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Fig. 6—Condition of unex- 

posed surface of floor panel 

after 4-hr fire test. Time of 

crack formation shown hr: 

min, followed by crack width 
if more than 0.01 in. 
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fire test. It should be noted that these cylinders were heated on all sides as 
well as on top, whereas the floor panel was heated only on the lower surface. 


CONCLUSIONS 


From the results of this test it is concluded that floor panels of this type 
of construction will resist the passage of heat and flame and carry a live load 
of 75 psf for 3 hr 51 min, based on ASTM “Standard Methods of Fire Tests 
for Building Construction and Materials.’’ Even after a 4-hr fire, no serious 
deflections or structural failure should occur. 

It appears that the temperature of some portions of the prestressing steel 
may exceed 840 F, the critical temperature determined during tests in Holland, 
without imperiling the structure. This may have resulted from the fact that 
the upper cable in the interior beam, even at midspan, had more than the 
minimum coverage of the lower cable, and that all cables had an average 
coverage greater than that at midspan where the maximum temperatures 
were observed. 


The final deflections while under the load, given in Table 4, suggest that an 
appreciable prestress remained in the steel cables after the fire. 

The compressive strength of 6 x 12-in. cylinders of 6000-psi concrete may 
be reduced about 25 percent when exposed to a 4-hr fire. 

Although these test results indicate that the fire resistance section of 
“Tentative Recommendations for Prestressed Concrete” reported by ACI- 


ASCE Committee 323 (which is based on the English tests using a 50 percent 
overload) may be too conservative, additional test data should be obtained 
before any appreciable modification is considered. 
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Title No. 56-9 


SURFACE COOLING OF 
MASS CONCRETE TO 
PREVENT CRACKING 


ROY W. CARLSON and DONALD P. THAYER 


A method was developed which would permit the placing of extremely long 
monoliths of mass concrete without the occurrence of excessive tensile stress 
from cooling. The method is to maintain a low temperature of the surface 
concrete during hardening. Thus, compressive stress is produced when the 
surface warms, and subsequent cooling does not cause high tensile stress. The 
basic concepts of this method are described, detailed computations of stresses 
are given, and possible construction methods for accomplishing the reduced 
temperature are suggested. 


@ PRELIMINARY STUDIES OF CONCRETE TEMPERATURE CONTROL for the 
prevention of cracking in concrete dam designs considered for the Oroville 
Dam on the Feather River, Calif., produced some novel and interesting 
results. Although subsequent developments caused the abandonment of the 
concrete dam design for this site, nevertheless, the results of these studies 
are believed to be significant and of general applicability. 


Several of the alternative types of concrete dams considered would have 
involved the construction of buttresses 700 ft high, nearly 800 ft long at the 
base, and with a maximum thickness of 100 ft. For the sake of structural 
integrity, it was desired to place the concrete without vertical construction 
joints and with assurance that the structure would not be impaired by crack- 
ing. For the purpose of these studies, an average thickness of 80 ft was 
considered, which was thought to be representative. 

Differential temperature changes in mass concrete structures tend to cause 
tensile stresses beyond the strength of the concrete and, if uncontrolled, 
result in failure producing cracks. Such cracks are unsightly, provide a 


starting point for disintegration by weathering, and in the extreme may 
progress entirely through the mass, resulting in complete destruction of its 
monolithic character. These differential temperature changes result from two 
principal causes: (1) the generation of heat within the mass from the hy- 


107 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE August 1959 





@ ACI member ROY W. CARLSON, consulting engineer, Berkeley, Calif., is the designer of the 
Carlson meter, an instrument for measuring stress and strain in concrete. 

His interest in stresses in concrete dams dates from 1925, when he was one of the testing engi- 
neers on the Stevenson Creek experimental arch dam in California. This was probably the first 
successful case of measurement of stress in a concrete dam. 

When serious cracking occurred in Rodriguez Dam in Mexico, Mr. Carlson helped establish the 
fact that cracking was caused by temperature change. He also worked with Prof. R. E. Davis on 
studies for Hoover Dam where thermal stresses were a major problem. 


@ DONALD P. THAYER (ACI member) is assistant division engineer in charge of design for the Cali- 
fornia State Department of Water Resources, Sacramento. He has been actively engaged in the 
preliminary studies of Oroville Dam. 

He has been engaged in design and construction of heavy engineering works since 1925: 4 years 
of railroad and municipal work, 8 years with private industrial firms and contractors, and 15 years 
with the Corps of Engineers. 











dration of the cement and the dissipation of this heat to the air at the 
bounding faces of the mass, and (2) the heating and cooling of the surface 
of the concrete from the surrounding air. 


Unless measures are taken to limit the rise of temperature of the interior 
of the mass, its eventual cooling to the mean annual temperature of the site 
will produce stresses in the concrete, restrained either by the foundation rock 
or by adjoining concrete, sufficient to rupture it. In the present instance, 
it was found that favorable temperature conditions for the interior concrete 
could be obtained by the following measures: 


Use of Type II cement with 30 percent pozzolan replacement. 
Use of cement content, including pozzolan, of 3 bags per cu yd. 


Precooling of the concrete to a placing temperature of 45 F. 


Similar measures have been used before and have been found to be effective 
as, for instance, in the case of Detroit Dam.* Nevertheless, while such 
measures provide adequate protection to the interior mass of the concrete, 
it still leaves the surface vulnerable to contraction caused by rapidly falling 
temperatures of the surrounding air at certain times of the year, late summer 
or early fall. This effect may be intensified by expansion of the interior 
concrete due to continuing temperature rise from the hydration of cement. 
As a protection of the surface against this type of failure, it was thought that 
if the surface concrete could be made to set, take its condition of rigidity, 
at a reduced temperature, then subsequent heating either from the air or from 
conduction from the interior of the mass would produce compressive stresses. 
Later cooling would result in reduction of this compression or the production 
of a tension of a tolerable magnitude. This is, in effect, a process of “pre- 


stressing” the surface concrete in compression; as will be subsequently dem- 


onstrated, this slight additional compression induced in the surface con- 
crete will not produce a significant increase of tension in the interior. 


*Clark, Roy R., “‘Mass Concrete Control in Detroit Dam,"’ ACI Journnat, V. 28, No. 12, June 1957 (Proceedings 
V. 53), pp. 1145-1168. 





SURFACE COOLING OF MASS CONCRETE 109 


At the Oroville Dam site concrete surfaces would be exposed to annual 
variations of mean daily temperatures from approximately 80 F in July to 
approximately 40 F in December (Fig. 1). If, without any surface cooling, 
the concrete should take its rigidity at the higher temperature, 80 F, then 
in the winter at 40 F tensile stresses exceeding the strength of the concrete 
would undoubtedly be produced and rupture result. These temperature 


changes, of course, would not penetrate far into the interior of the mass. 
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Fig. 1—Monthly average air temperatures at Oroville Dam site 
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COMPUTATIONS OF TEMPERATURE AND STRESS 


In computing temperature stresses, the external restraint imposed upon 


the body is a controlling factor. It is, therefore, necessary at the outset to 
know or assume the conditions of restraint. The restraint imposed on a 
massive concrete structure on a rock foundation is extremely complex and 
not susceptible of any accurate solution. For the purpose of this study, 
therefore, two extreme conditions of restraint were assumed and solutions 
made for both. Condition A, no external restraint, would approximate the 
condition of a part of the mass extremely remote from the foundation. Con- 
dition B, complete restraint, would approximate the condition of a low mass 
of concrete firmly fixed to an infinitely rigid foundation. Both of these con- 
ditions are highly idealized and never realized in practice; the true restraint 
should be somewhere between the two. As will be subsequently shown, the 
results with both conditions are remarkably similar for the particular tem- 
perature conditions involved in this study. 


The first step in the computations was to compute the temperatures to be 
expected in the mass concrete. The method described by Carlson* was used. 
An adiabatic time-temperature curve was assumed for a concrete containing 
3 bags of Type II cement per cu yd placed at 45 F. Diffusivity of both con- 


TABLE 1—COMPUTED TEMPERATURES AT CENTERS OF 10-FT LIFTS OF 
PRECOOLED CONCRETE* 


Adiabatic Temper- 
temper- it Computed temperatures, deg I ature of 
ature foundation 
first lift ture El 5 


deg I 


, 


Sept. : 
Sept. 
Sept 
Sept. 


Sept 

Sept. 
t 
t 


sept. < 


Om tte 


Sept. 

Oct. 

Oct. ! 

Oct. 

Oct. 

Oct. 1 v0 
Oct. 2 90 
Oct. 2 90 
Oct 90 
Nov. 2 90.- 
Nov. 90 
Nov. 10 90 


SUNN 


>exF 


*Conditions: Diffusivity of concrete (and rock 1.0 ft? per day 
Adiabatic temperatures assumed for 3-bag per cu yd concrete 
10-ft lifts placed each 17 days, first three lifts only; thereafter each 
computations). 
Heat assumed to flow in vertical directions only 
Flevations referred to foundation line as zero. 
Initial temperature of concrete 45 } 


16 days (for simplifying 


*Carlson, Roy W. 4 Simple Method for the Computation of Temperatures in Mass Concrete,” 


ACI Journal 
V. 9, No. 2, Nov.-Dec. 1937 (Proceedings V. 34), pp. 89-104 
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crete and foundation rock was assumed as 1.0 ft? per day. Temperatures 
thus computed on the assumption of vertical heat flow only for the midheight 
of 10-ft lifts are shown in Table 1. 

The second step was to compute strains from the temperature and re- 
straint conditions mentioned above. This is done simply by multiplying the 
temperature change by the coefficient of expansion for Condition B. For 
Condition A, this strain was reduced by the temperature deformation of the 
concrete mass as a whole, based on the average temperature of the whole 
lift of concrete. For example, if the temperature at a particular point rose 
10 deg, and the coefficient of expansion was 5 millionths per deg, the strain 
for restraint Condition B would be 50 millionths. Now if the average tem- 
perature of the lift increased 5 deg at the same time, then the strain for 
Condition A would be 25 millionths. 


The third step is to compute the stresses in the concrete caused by these 


strains. This was done by the method originated by Raphael.* This is a 
“step”? method and requires a full family of creep curves for the particular 
concrete. For this study, creep curves determined from experiments made 
at the University of California were used. Data from these experiments, 
covering a limited number of loading ages, were extrapolated to cover ad- 
ditional ages and adjusted as necessary to make a completely consistent 
family of curves. These adjusted creep data are shown in Table 2. This 
“step” method of computation is sensitive to inconsistencies in the creep 
curves, so it is necessary that these adjustments be made. 


RESULTS OF TEMPERATURE STUDIES 


The monthly average air temperatures shown in Fig. | were taken from a 
weather station near the site of the proposed dam. Most severe conditions 
are usually encountered when the air temperature is high but quickly followed 
by lowering temperatures. Therefore, Aug. 15 was taken as the beginning 
date for the temperature computations. 


Table 1 shows the computed temperatures for concrete cast in 10-ft lifts 
at intervals so as to make the average rate approximately 0.6 ft per day. 
The top surface of the concrete is assumed to be exposed to the air temperatures 
indicated in Fig. 1, beginning on Aug. 15. The maximum temperature shown 
for the interior concrete is 86 F, which is about 5 deg lower than if no heat 
had been lost to the surroundings. Separate studies show that height of 
lift and rate of construction have only a minor effect on the interior temper- 
atures with precooling. Therefore, the maximum of 86 F can be taken as 
about the highest temperature likely to be attained for precooled concrete 
of 3-bag mix at this site. 

The effect of surface cooling is shown in Fig. 2. The surface is assumed 
to be kept at 40 F, while the temperatures at the center are assumed to be 
as found in Table 1. Note that at the 2-ft depth the effect of the surface 


*Raphael, J. M., “The Development of Stresses in Shasta Dam," Transactions, ASCE, V. 118, 1953, p. 289. 
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Fig. 2—Effect of surface cooling on temperatures below surface 


cooling is searcely felt until after 2 days. Nevertheless, the maximum 
temperature at the 2-ft depth is only 62 F; at the 1-ft, 55 F; and at 6 in., 
50.5 F. At the termination of the surface cooling after an interval of 19 
days, the concrete surface was assumed to be exposed to the air at a temper- 
ature of 80 F with the temperatures at a depth of 6 in. modified accordingly. 


This is perhaps a rather severe condition but one which might occur. 


Temperatures at both the 6-in. depth and the average of the entire block 
for various ages under this cooling sequence are plotted on the upper diagram 
of Fig. 3. 


THERMAL STRAINS AND STRESSES 


It must be explained that the word “strain” is not used in its usual meaning 
of “change of length” in this sonnection. Obviously a body, such as a rod 
fixed at both ends, can suffer no change in length when it undergoes a change 
in temperature. If, on the other hand, it were free of longitudinal restraint 
it would expand. If then it were forcibly returned to its original length, 
or to whatever degree of restraint is specified, it would be strained by a certain 
amount which is herein termed the “thermal strain.’”’ Note, therefore, that 
the sign of the thermal strain is inherently opposite to that of the temperature 
change. 

In this study, the thermal strains and stresses were computed on a plane 
6 in. inside of the concrete surface. This 6-in. depth was a quite arbitrary 
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=) 


assumption, a depth which was thought to most nearly represent the surface 
layer of concrete. Thermal strains were computed as described previously, 
using a coefficient of thermal expansion of 5 millionths in. per in. per deg F 
and assuming that zero strain existed at an age of 1 day. The thermal strain 
computations for the two conditions of restraint are shown in Table 3 and are 
plotted on the middle diagram of Fig. 3. 


It. was originally thought that surface cooling for 1 week would serve to 
reduce the temperature of zero stress at the surface sufficiently to preclude 
the formation of cracks. Preliminary computations showed, however, that 
this period was insufficient as most of the benefit of the cooling would be lost 
through creep. Computations were then made for a number of different 


TABLE 2—CREEP COEFFICIENTS FOR VARIOUS AGES OF LOADING 
AND DURATIONS OF LOAD* 


Age to which concrete sustains load, days 


, 


2 4 6 8 10 12 14 18 22 2th 40 34 $8 42 if} 
2.530 2.595 2.646 2.686 2.718 2.743 2.764 2.798) 2.827 2.852 2.874 2.892 2.906, 2.917 2.926 2 
0.933 0.984 1.024 1.056 1.081 1.102 1.136'1.165 1.190 1.212 1.230 1.244 1.255 1.2641 
0.344 0.384 0.4160.441 0.462 0.496 0.525 0.550 0.572 0.590 0.604 0.615 0.6240 
0.289 0.321 0.3460.367 0.401 0.430 0.455 0.477 0.495 0.509 0.5200.529 0.5 
0.270 0.295 0.316 0.350 0.379 0.404 0.426 0.444 0.458 0.469 0.4780. 
0.262 0.283 0.317 0.345 0.371 0.393 0.411 0.425 0.436 0.4450 
0.257 0.29110.320.0.345 0.367 0.385 0.399 0.4100.419 0 
0.258 0. 287 0.312 0.334 0.352 0.356 0.367 0.376.0.: 
0.252.0.277 0.299'0.317 0.331 0.342'0.35110.35 
0.246 0.268 0.286.0.300 0.311.090.3200 
0.240 0.258 0.272 0.283 0.292 0.: 
0.234'0. 248 0.259 0.270 0.27 
0.228 0.239 0.2500. 25 
0.223 0.232 0.2 
0.219 0.2 
0.2 


r 
= 


*Coefficients shown are total unit strain in in. per in 10° resulting from a stress of 1 psi applied at and sustained 
to the ages indicated. These strains include the instantaneous (elastic) strain plus the creep 
I 


TABLE 3—STRAINS AT 6-IN. DEPTH IN CONCRETE WITH SURFACE 
COOLING FOR 19 DAYS 


Restraint A Restraint B 
Temperature Average (Temperature 
at 6-in. temperature difference, (Temperature Strain 
depth of mass, deg |} change 
deg I 


Temperature Strain 
in. per in change in. per in. 
deg I x 106 deg |} x 10° 

0 

37 

65 


89 


Q 

7 

0 

6 

0 ’ 

0 81.0 


Temperatures computed separately on 


basis of concreting at 45 F with an approximate cement content of 
bags Type II per cu yd. 
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Fig. 3—Effect of surface cooling on temperature, strain, and stress 
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periods of surface cooling. Of these the one presented herein, for a period 
of 19 days, seemed to be the most suitable. 

The stresses were computed by the method previously referred to; Table 4 
is a work sheet, illustrating the computation. The stresses thus computed 
at various ages for both conditions of restraint are plotted on the lower dia- 
gram of Fig. 3. It will be noted that the maximum indicated tensile stress 
occurs under Condition A with a value of 156 psi. The maximum compressive 
stress under this condition occurs 24 days after placing and has a value of 
538 psi, gradually reducing after this age. The computations were not con- 
tinued beyond this age as it is improbable at this site that such a sustained 
average temperature would continue even this long. 

A more graphical picture of the benefit of the surface cooling is presented 
in Fig. 4. The curves show the comparative “full relaxation” temperatures, 
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Fig. 4—Effect of surface cooling on full relaxation temperatures 
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4.38 


Restraint Condition A assumed. 


*Stresses computed at point 6 in below surface of conerete cooled at 40 F for 19 days then exposed to atmosphere at 80 F. 


both with and without sur- 
face cooling treatment. The 
so-called full relaxation 
temperature is the temper- 
ature at which the stress 
would be reduced to zero 
at full restraint. Cooling to 
this temperature merely re- 
moves the compressive 
stress; further cooling from 
the full relaxation tempera- 
ture would produce tensile 
stress. Thus, without the 
benefit of surface cooling 
treatment, the concrete 
would have to withstand a 
temperature drop from a 
no-stress condition at 83 F 
to a winter temperature of 
about 40 F. But with the 
benefit of surface cooling 
treatment, it needs to with- 
stand only a temperature 
drop from about 60 F to 
40 F, only 20 deg. Thus the 
surface cooling treatment 
should protect the concrete 
against surface cracking, 
especially since this modest 
drop would be gradual, ac- 
cording to the climatic cy- 
cle, and not instantaneous. 


The question might be 
raised as to whether the 
full relaxation temperature 
might continue to rise after 
the 40-day period repre- 
sented by the computa- 
tions. In line with the 
statement in the preceding 
paragraph, if the computa- 
tions were continued with 
a realistic external temper- 
ature cycle, instead of the 
constant 80 F temperature, 
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the full relaxation temperature would be found to rise little, if any, above 
60 F for the most unfavorable condition of restraint. 


INTERIOR TEMPERATURES AND STRESSES 


It was stated at the beginning of the paper that the combination of cement 
type, cement content, and precooling temperatures was adequate to insure 
against excessive tensile stresses in the interior of the mass. Under these 
selected conditions, the maximum temperature expected within the mass, 
as shown in Table 1, is 86 F. As the site of the proposed Oroville Dam, the 
mean annual temperature which the interior concrete will finally approach 
is 61 F. Thus the interior concrete must withstand an ultimate temperature 
drop of about 25 F. If this were to occur instantaneously, it might cause a 
tensile stress of 625 psi if the restraint were complete. Actually, however, 
the cooling will be very slow so that the sustained modulus of elasticity 
will be reduced by more than half; moreover, the restraint will always be 
less than complete. 
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Date Days of cooling Curve No. Date Days of cooling 


Aug. 7 0 Apr. 17 250 
Sept. 26 50 June 6 300 
Nov. 15 100 July 26 350 
Jan. 6 150 Sept. 15 400 
Feb. 25 200 


Fig. 5—Cooling from sides of 80-ft buttress 
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To approximate the rate of interior cooling, temperature computations 
were made by assuming: (1) the entire mass to be initially at a uniform 
temperature of 80 F, and (2) to be subject to the annual cycle of air temper- 
ature shown in Fig. 1. The results of these computations are shown in Fig. 
5 for intervals of 50 days. It will be noted that the temperature of the center 
of the mass has dropped 7 F in 1 year. 


Using creep coefficients, the sustained modulus of elasticity of concrete 
can be estimated for various ages of initial loading and for various durations 
of loading. For this particular concrete and loading condition, it is esti- 
mated that the modulus of elasticity would be reduced to about one-third 
of its instantaneous value. From this, it is concluded that the slow cooling 
of the interior concrete through a range of 25 F cannot be expected to cause 
cracking. Furthermore, all observations indicate that cracks are more prone 
to start at the surfaces, where irregularities presumably act as “stress raisers,” 
rather than in the interior of a mass. 


CONSTRUCTION METHODS 


A preliminary study of the surface cooling of concrete would be incomplete 
without some mention of possible methods for its application. The descrip- 
tions of such possible applications will be brief and stated in only the most 
general terms. It is hoped, however, that this may be the starting point 
from which more exact studies may be carried out. 


First, it should be pointed out that with surface cooling only about one- 
quarter as much heat has to be removed from the concrete as when embedded 
cooling is employed. This is because with surface cooling only the surface 
is cooled to 40 F, the concrete rising in temperature as the center of the mass 
is approached. This may be easily seen by inspection of Fig. 2 at 19 days, 
the termination of cooling. On the other hand, when embedded cooling is 
employed, the effort is usually made to cool the entire mass to near the mean 
annual temperature. 

One obvious method of providing surface cooling would be to use double- 
walled steel forms with refrigerated water circulated therein. The outer 
wall of the form would have to be well insulated to reduce the heat gain from 
the air during warm weather. Even with 2 in. of insulation, this heat gain 
from the air would be about the same as the heat removed from the concrete. 
Of course, there would be the nuisance of hoses to each panel and the in- 
stallation of headers; however, this should be less of a handicap than the 
installation of embedded cooling coils and probably less expensive. The 
greatest and probably insuperable disadvantage to this method would be the 
necessity for leaving the forms in place for about 19 days. This would either 
slow the concrete placing intolerably or would necessitate leaving forms in 
place on two or three lifts below the one being currently placed. Resetting 


the forms in the latter instance would probably be impossibly complicated. 
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A modification of the above method would overcome the objection of 
leaving the forms in place for long periods. Refrigerated forms would, of 
course, be used to obtain the benefit of their cooling effect while they were 
in place. After they were raised for the next lift, refrigerated water could be 
discharged from their lower edges to cool the concrete surface below. This 
would also serve the purpose of curing. To protect the surfaces from absorb- 
ing heat from the air, it would probably be desirable to hang insulating 
blankets, of a material not affected by water, against the concrete, the water 
being allowed to slowly seep down between them and the concrete. The 
water required would be about '4 gal. per min per horizontal linear ft of 
concrete surface. The great objection to this method would be the thermal 
inefficiency. For instance, if river water at a mean annual temperature of 
56 F were cooled to 38 F and warmed to 40 F in cooling the concrete, only 
11 percent of the refrigerating effort would be used to cool the concrete, the 
remainder being rejected in the waste water. 


A third possible method for obtaining surface cooling would be the in- 
stallation of embedded cooling pipes near the surface only. While this method 
would still be open to the objection of requiring embedded pipes in each lift, 
the installation would be greatly reduced from that required for the con- 
ventional internal cooling installations. 


The foregoing is a brief schematic outline of three possible methods of sur- 
face cooling. Certainly others could be devised and perhaps one could be 
developed to a practicable method. Certainly, if surface cooling has the 
merit which this preliminary study indicates, some further study along these 
lines would be well worthwhile. 


CONCLUSIONS 


The results of this study show that tensile stresses at the surface of massive 
concrete structures may be reduced by lowering the temperature at which 
the concrete hardens. With this application of surface cooling, it should be 
possible to place monoliths of indefinite length without joints or cracks. 
To achieve this result, these studies indicate that the surface cooling must be 
continued for a period of somewhat more than 2 weeks. On the other hand, 
it is to be noted that this surface cooling may be reduced or possibly eliminated 
entirely during the cooler months of the year. The method described herein 
for computing probable thermal stresses in mass concrete is believed to have 
a broad application in the field of mass concrete design. The application of 
this method points to the need for more adequate and more extensive data 
on the elastic and plastic behavior of concrete. The data presented are 


believed to be typical for a concrete with a cement content of 3 bags per cu yd. 


The control of surface stresses suggests that stresses in other parts of a 
mass concrete structure might be controlled similarly. Many structures are 
inefficient because of high stresses in extremely localized regions. The con- 
trol of temperatures during hardening appears to offer a means of controlling 
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the ultimate stresses in such regions, thereby making a more economical 
design feasible. For example, at the abutment extrados of an arch dam where 
tensile stresses are often found, it should be possible to eliminate these by 
suitable control of the temperature during hardening. 
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Folded Plate Raft Foundation 
for 24-Story Building 


By IGNACIO MARTIN and SIXTO RUIZ 


The folded plate raft foundation of a 24-story building 308 ft high 
is described. The influence of the subsoil conditions and the wind 
load are discussed. Costs are compared for a standard beam and slab 
raft foundation and the folded plate raft foundation. 


@ Tue new Crry Hatt or Havana in the Plaza Civica is a 24-story building. 
Of the three basement floors, two are for parking space and one is for pay- 
ment of taxes. The first three floors above street level are dedicated to the 
public and are followed by a 17-story tower for offices, topped with a floor 
designed as a residence for the mayor. The building has other wings which 
in some cases are eight floors high. The highest part of the tower is 308 ft 
above the level of the foundations (Fig. 1). 


DESIGN CONSIDERATIONS 
Wind load 


Since Havana is subjected to hurricanes, high buildings have to be de- 
signed to withstand a wind load of not less than 60 psf of exposed area. 


Subsoil investigation 


Investigation of the subsoil revealed that near the surface there was a layer 


of lenses and boulders of highly compacted marl in large loose masses. The 
marl was underlain by a highly compacted mixture of clay and silt which 
was found at the level of the bottom of the basement. Based on the results 
of the subsoil tests, the load carrying capacity of the soil at the level of the 
tower foundation was fixed at 6000 psf. 


SOLUTIONS CONSIDERED FOR THE FOUNDATION 


The investigation of the foundations for the City Hall consisted of two 
parts: the foundation for the 24-story tower, and the foundation for the rest 
of the building. 

Preliminary calculations indicated that, with the exception of the tower, 
the rest of the building could be supported by separate individual footings 
at a higher level than that required for the tower foundation. 

The solution of the tower foundation was more difficult due to the fact 
that the total load of the tower divided by the load carrying capacity of the 
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soil gave an area larger than the area of the horizontal projection of the 
tower. Also, the pressure on the soil is increased further by the effect of 
the wind load. Under these conditions, both a pile foundation and a raft 
foundation, with an area larger than the tower, were considered. 

The pile foundation was soon discarded, as it would be difficult to drive the 
piles into the subsoil at the tower location, and no stratum suitable for point 
bearing could be found that would prevent the possible settlement of the 


tower. bate : . 
The fundamental found- 


ation problems were: first, 
to avoid differential settle- 
ment between the tower 
and the rest of the struc- 
ture, since the bulb of pres- 
sure of the tower would 
affect strata much deeper 
than the foundations of the 
rest of the building; and 
second, that the wind load 
could produce a permanent 
deviation from the vertical 
in the tower itself, bringing 
about secondary effects in 
the whole structure. 


The design of the rein- 
forced concrete structure 
led to the conclusion that 
the structure could resist 
differential settlements of 

is 1 in. without appreciable 
damage. On the other 


Fig. 1—Cross section through tower. Hinged beams hand, it ‘was nocetsaty that 
and slabs connect the towers to the building wings the additional pressure on 
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the soil, caused by the wind load, should produce stresses within the elastic 
range of the soil resistance curve so as to permit the elastic recovery of the 
subsoil underneath the tower as soon as the wind load was removed. To 
comply with these two conditions, the properties of the subsoil were studied 
and a limit of 5000 psf was established for the subsoil stress underneath 
the tower, including the wind load. The stress of the subsoil under the 
separate footings was limited to 6000 psf. 


As an additional precaution to avoid differential settlements, construction 
of the areas adjacent to the tower began after seven floors of the tower had 
been built. In addition to this, all the beams and slabs of the rest of the 
building which reach the tower were hinged to it, and were designed to resist 
the stresses produced by a differential settlement of 1 in. between their end 
and the tower. 


+ 


—— oat 
a ‘ b 


Fig. 2—Construction progress—in background: graded excavation; in middle: placing 
reinforcement; in foreground: concreting. Note the ‘tie slab” reinforcement 
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SOLUTIONS CONSIDERED FOR THE RAFT FOUNDATION 


Two solutions were considered for the raft foundation of this building: 
(a) Raft foundation consisting of flat slab supported by deep beams. 
(b) Raft formed by a folded plate slab. 

The slab and beam raft considered had a continuous reinforced concrete 
slab 12 in. thick with clear spans of 61 ft. The slab was reinforced with 
concrete beams, spanning about 26 ft having a trapezoidal section, 16 in. 
wide on top, 32 in. wide on the bottom, and a depth of 8 ft 10 in. The beams 
were continuous under the reinforced concrete diaphragms of the building. 


Folded plate raft 

The raft with a folded plate slab was chosen and was designed in such a 
way that the inclined surface of the slab could be shaped easily by a motor 
grader, and that the slab could be concreted without using a top form (Fig. 2). 

After filling in the valleys of the folded plate slab with earth, a flat slab was 
cast over it to resist the unbalanced horizontal thrust of the end folded plates 
(Fig. 3) and to hold these end folded plates in position. The reinforcement 
of this horizontal tie was placed within the slab. The amount of reinforce- 
ment was less toward the center of the raft, since advantage was taken of 
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SECTION A-A 


Fig. 3—Plan and’section of folded plate raft foundation 
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the frictional resistance between the slab and the ground, as well as of the 
rigidity of the folded plates horizontally, which prevent horizontal displacement. 

The folded plate behaves transversely as a polygonal arch subjected to 
compression, thereby reducing the amount of reinforcement needed for 
transverse flexure of the folded plate. 

The load of the building is transmitted to the folded plate by the mono- 
lithic concrete walls which resist the wind load stresses. 

The folded plate has a thickness of 18 in. except in the small horizontal 
areas at the ends of the raft where it is 24 in. thick. The breaks in the 
folded plate are spaced 8 ft 25 in. on centers and the inclined surfaces have 
a slope of 1: 2.22, which is sufficiently gentle to facilitate the excavation and 
the placing of concrete (Fig. 4), without making the horizontal component 
of the direct stress transmitted by the inclined surface excessively large. 
The horizontal tie slab is 4 in. thick (see Fig. 3) and its reinforcement is not 
uniform throughout as was previously mentioned. It is located at the level 
of the top of the ridges and is supported by the fill placed in the cavities, 
eliminating the necessity of making the slab strong enough to support its 
own weight in the 26 ft 2%4 in. span. 


FOUNDATION COSTS 
A cost comparison of the two methods of constructing the raft is given 
below: 


1. Solution based on flat slab and deep beams: 


Item Unit Quantity Unit price Amount 


Earth excavation cu vd 8,764 $ 0.65 $ 5,696 
Concrete cu vd 4.159 30.58 127,182.22 
Steel 100 Ib 8,300 12.50 103,780 
Forms sq ft 66,927 0.23 15,393 .2 


Total: $252,052 


Solution based on folded plate: 


Item Unit Quantity Unit price Amount 


Earth excavation cu yd 11,510 $ 0.68 $ 7,826.§ 
Concrete cu vd 2.610 30.58 7U813.8 
Steel 100 Ib 6,300 12.50 78,750 

Forms sq ft 33,786 0.23 7,770.7 
Fill cu yd 1,177 0.76 894.5: 


Total: $175,055.‘ 


The horizontal dimensions of the raft are 89 ft 25 in. x 253 ft. Using this 


area of 22,572 sq ft with the cost figures given above, we obtain the following 
costs per unit area: 
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Fig. 4—Concreting the folded 

plate raft. Details of the tie 

slab reinforcement are also 
shown 


(a) Flat slab and deep beams ... $11.17 per sq ft 
(b) Folded plate $ 7.75 per sq ft 
These figures indicate a difference of about 30 percent in the cost of the 
two solutions, using the prices prevailing at the time construction began. 


The saving brought about by using the folded plate raft would be substantially 
the same, for the quantities involved, even with price fluctuations. 


SUMMARY 


The structure of the building has been completed; the interior and exterior 
architectural features are now being finished. The behavior of the foundation 
has been excellent up to the present, although the building has not yet been 
subjected to hurricane forces. 


This reinforced concrete raft foundation has demonstrated that, for the 
conditions prevailing in this building and site, an economical design can be 
achieved by making use of a somewhat unconventional solution. This, of 
course, required that due consideration be given to the results of the subsoil 
analysis, latest developments in reinforced concrete design, and construction 
procedures and equipment. 

Received by the Institute Apr. 27, 1959. Title No. 56-1 s a part of copyrighted Journal of the 
American Concrete Institute, V. 31, No. 2, Aug. 1959 (Proceedings V. 54 Separate prints are 
available at 50 cents each 


American Concrete Institute, >. Box 4754, Redford Station, Detroit 19, Mich 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Nov. 1, 1959, for publication in the March 1960 JourNaL. 
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GENERAL ELASTIC ANALYSIS OF 
FLAT SLABS AND PLATES 


By JOHN F. BROTCHIE 


A general method for elastic analysis of plates under transverse 
loads is described. Complex loading and support conditions, as 
in flat slab and flat plate structures, may be readily handled and are 
considered in particular. The method is suitable for both accurate 
analysis and design, and typical cases including concentrated loads, 
live loads on alternate panels, irregular supports, discontinuities, 
and settlement are discussed. The basis of the method was outlined 
in a previous paper,' together with its application to regularly 
loaded internal panels of a flat slab structure. 


@ THe BAsis OF THE METHOD is the introduction of an auxiliary support- 
ing medium, a liquid or liquid-type elastic foundation, which is considered 
to be placed in contact with the plate or slab to allow any one load, or actual 
support reaction, to be applied separately. The liquid provides a reaction, 
proportional to deflection, for which moments, etc., are readily determined. 
The density of the liquid is chosen arbitrarily to meet the condition that 
when all loads and support reactions are applied together the individual 
liquid reactions effectively cancel each other, leaving an arbitrarily small 
residual reaction due to the deflected surface of the plate. Hence the sum 


of the separate moments gives, in effect, the actual moments in the plate. 


Shears and deflections are treated similarly. 

A parameter s is introduced as a measure of the density y of the support- 
ing liquid. s, which replaces y in the calculations and is itself eventually 
eliminated, has the dimension of length and is termed the “radius of relative 
stiffness” of the floating plate. Its relation to density is given by 


1 
] 


s = |[D/y|* 


where D is the flexural rigidity of the plate [see subsequent Eq. (1)]. As 7 
approaches zero, s approaches infinity, giving an exact solution. Use of a 
finite value of s however, say of the same order as, or greater than, the span 
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of the plate greatly reduces interaction of loads and reactions, simplifying 
the calculations without significantly affecting accuracy. 

In the previous paper' only the case of an internal panel of a flat slab 
structure with equal and symmetrical column reactions was treated. The 
general case of a transversely loaded plate will now be considered with par- 
ticular reference once more to flat slab and flat plate structures. 


Notation 


radial, tangential moments*  - density or reaction modulus of the 
(polar coordinates ) imaginary supporting liquid 
twisting moment Poisson’s ratio 
radial, tangential shears V—1 
moments in direction XX and YY a 
respectively (rectangular coordi- “real part of 

nates ) “imaginary part of” 
Q, — 0 M,,/dy 
effective shear 


Bessel function of first kind and 
order n 
deflections Hankel function of first kind and 


angular coordinates order n 


radial coordinate 
r/s ’ 

Sign convention 
radius of relative stiffness ‘ ad 
ae Loads downward positive 
liquid-supported plate = [D ; = 
ip ee Deflection downward positive 
flexural rigidity 


Et®/12 (1 — yw?) where E Moments causing tension on the underside of 


Young’s modulus and ¢ = plate the plate are positive. 
thickness 


GENERAL METHOD 


The plate is initially considered to be infinite in extent, elastic, of uniform 
thickness, and supported by the imaginary liquid. The required solution is 
built up from this using superposition. 

If a single load is applied to the infinite plate it deflects a readily determined 
distance into the liquid support. The deflection when all loads are applied 
simultaneously, is given by superposition. 

In general, for continuous plates the magnitudes of the actual support re- 
actions will not be known, but their vertical components may be determined 
from the condition that when applied as external forces to the loaded plate, 
they must (normally) cause the deflection to return to zero at each support. 
Other forces or reactions may be applied to the infinite plate, as later de- 
scribed, to provide any further conditions of restraint at the supports, and to 
satisfy the necessary boundary conditions at positions of discontinuities 
including external edges, openings, and changes in plate thickness. 


*Bending moments and shear forces are for a unit width of plate. 
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The individual moments, shears, or deflections produced by each load and 
reaction may then be determined from the tables or formulas presented and 
summed to give the required solution. The basis for the tables and formulas 
follows. 

The differential equation* for the deflection w of unloaded areas of the 
floating plate is: 


where r and ¢ are the radial and angular coordinates respectively, and the 
solution for w may be expressed in terms of Bessel functions. 

Hence the deflection produced in the surrounding plate by a load, support, 
or internal discontinuity of any form is given by the series: 


= Re | 4 HY (2 Wi) + } a A, H,'” (z V¥;{) cosn | 


a = 1 


A, and A, are complex constants, and are evaluated from the specified con- 
ditions at the boundary of the loaded area. The origin of coordinates is 
arbitrarily placed at the center of the load or discontinuity. 

Similarly the effect on deflection of loads ete., acting at or outside of an 
external boundary is given by the series: 


= Re| B. (z vi) + > BaJa(z Vi) cosn | (3) 


n=1 


*The problem was originally considered by Hertz? who developed the solution for a point load on the plate. 
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The constants B, and B, are again complex and are evaluated from the 
necessary conditions at the external boundary of the plate. A convenient 
origin for coordinates in this case is the center of the plate. 

Hence the series of Eq. (2) may be used to describe the deflection due to 
each internal support, concentrated load, or internal discontinuity in the 
plate, and the series of Eq. (3), to provide the necessary conditions at the 
external edge. Generally only the first few terms of each series are required, 
as deflections produced become increasingly localized and rapidly decrease 
in magnitude as nm inereases. The zero and first order terms are available in 
tabulated form!:':15.16 and those of higher order may be expressed in terms 
of these, or approximated by single term powers of x (see appendix). Table 1 
and Tables 1-5 of Reference 1 present the terms necessary for design. The 
constants in each series need be evaluated only for the case of total loads and 
reactions on the plate. 

Convenient support conditions for determining these constants are de- 
flection and slope or moment. If the supports are not differentially displaced, 
then each should have the same deflection relative to the surface of the 
liquid and when only a finite area of the plate is loaded this deflection will 
be zero (see Example 1). If the loads extend to infinity the deflection at the 
supports may again be equated to zero, or it may be more convenient and 
accurate to use the condition that the net liquid reaction is zero, which gives 
a small negative deflection at the supports as described previously.! Vari- 
ations from these conditions such as differential column shortening or settle- 
ment may be readily handled as in Example 2. Slopes may be determined 
from the requirement that the deformations of the plate and support must be 
compatible, or from the conditions of continuity if they are rigidly connected. 


At a clamped boundary the conditions of zero deflection and slope may be 
used, and at a free edge the necessary conditions are that moment M, and 
effective shear V,* are zero in the direction n normal to the edge. For a 
simply supported edge, w = 0 and M, = 0. 

Perhaps a better physical understanding of the problem may be obtained 
by considering the boundary conditions to be satisfied by simple shear forces 
and moments applied to the plate. The series of Eq. (2) for an internal 
boundary may be considered to represent the deflections due to simple shear 
and moment components acting at the origin to produce the required con- 
ditions at the internal boundary, and may be expressed in the form 


(Wnae + Wom) COS N 


where w, and w,, are the deflections due to the shear and moment components, 
respectively (see appendix). 


aM at 
at 


ww, = = 


An explanation of this condition is given by Timoshenko.’ 
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Similarly the series of Eq. (3) may 
be considered to represent deflections 
due to shears and moments applied at 
infinity to produce the required con- 
ditions at the external boundary. 
The effects of axisymmetrical loads 
and reactions including those due to _y ~ 


axially loaded circular columns are a 


given by the zero order terms w,, + 





Fig. 1—Plan of column head with shear 


Wom, Which represent the deflections cousin epolied ot center clene « Nan 60 


due to a symmetrical shear and sym- 
metrical moment component respectively. The effect of a circular opening or 


circular insert, located at a point of symmetrical ‘bending, is also described 


by these two components. 

The symmetrical shear component is equal in effect to a point load on the 
plate and the symmetrical moment component is equivalent to a uniform 
radial moment applied around a circle of arbitrarily small radius. The radial 
moment, termed a ring moment, might alternatively be considered to act at 
the internal boundary. Tabulated moments shears and deflections for each 
were presented in the previous paper,' and formulas for each are given in the 
appendix. 

The deflection produced by the bending or restraining moment from a 
circular column is given by the first order terms w,, + Win, representing the 
deflections due to an antisymmetrical shear and an antisymmetrical moment 
component, respectively. These deflections may, alternatively, be derived 
directly from the symmetrical components and this will be done to indicate 
their nature. In this way the shear component may be considered to con- 
sist of two equal point loads of opposite sign acting an arbitrarily small dis- 
tance apart to form a concentrated couple on the plate (Fig. 1 and 2), and 
from geometry the deflection produced by a couple of magnitude s is 

AW.» 


cos @ 
dz 


where w,, is the deflection due to unit point load. Hence 


similarly radial moment, tangential moment, and shear are 
M, — m,' cos toa) 


M, — m;,' cos @ 
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Mes Fig. 2—Radial and tangential 
“~.* moments (a) and deflection 
t (b) caused by a shear couple 
of magnitude s along the line 


of action of the couple 














where u’, m,’, m,’, and v’ are the first derivatives with respect to z of the 
corresponding coefficients for a unit point load, and are given in Table 1 and in 
the appendix. 

Replacing the coupled point loads by two ring moments of equal magni- 
tude and opposite sign gives in effect, the antisymmetrical moment compo- 
nent (see appendix). 

The effect of the moment couple is relatively small except at the column 
edge and may be neglected for practical design calculations. Neglecting it 
compensates, although to a greater extent than necessary, for antisym- 
metrical distortion within the column head, and may be partially justified for 
this reason. 


Hence for a plate with circular columns symmetrically* loaded, only two 


components at each column, a point load and a ring moment, are required. 
Where the loading causes both axial force and bending in the columns a third 
component, a shear couple, is added for design calculations, while for accurate 
analysis a moment couple is also required. 

The point load is equal in magnitude to the total vertical reaction at the 
column, and the shear couple is equal in magnitude to the total bending 
moment, or restraining moment, in the column and determines the slope or 


*This is approximately so, provided the other loads and reactions cause reasonably symmetrical bending at the 
eolumn. In extreme cases a second order component is also required for accurate analysis. 
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rotation at the joint. The ring moment and moment couple supply the 
required boundary conditions of slope or moment at the column edge and 
their magnitudes are determined from either of these conditions. 

For the general case of an internal boundary or unsymmetrical load of 
any shape, additional, higher order terms of the series of Eq. (2) are required 
for accurate analysis, and these may be expressed in terms of th tabulated 
functions using recurrence formulas, as given by Dwight. Alternatively, 
since deflections are localized and the liquid reaction has little effect where 


TABLE 1—MOMENTS, DEFLECTIONS, AND SHEARS CAUSED BY A SHEAR COUPLE 
OF MAGNITUDE s* 


4u’ 


0000 f —0. 6070 0.5515 

0166 —0.4955 0.4318 —0.22 
O288 4151 0.3431 0.22 
0394 § 3541 0.2745 0.23 
0488 < ( 3056 0. 2202 0.2276 


0575 25 2661 0.1761 0. 2243 
0655 2335 0.1395 0.2193 
0730 | 2061 0.1088 0.2129 
0800 é 1826 | 0.0830 0.2055 


0866 { : 1624 0.0611 0.1971 


0929 . { 1448 —0.0425 0.1882 
0989 52.4 j 1293 —0.0267 0.1788 
1046 1157 —0.0133 0.1692 
1100 1036 -0.0020 0.1594 
1152 f ¢ 0928 +0.0074 0.1497 


1201 2 : 0832 0153 0.1399 
1248 5 0746 0219 0.1304 
1204 0669 0272 0.1210 
1337 a 0600 0315 0.1120 
1379 ‘ 0537 0348 0.1032 


1419 } } 0481 0373 0.0948 
1458 0430 0391 0.0868 
1495 ; 0384 0403 0.0791 
1531 8 0343 0409 0.0719 
1565 ¢ 0306 0411 6.0650 


1598 K 0272 0409 0.0586 
1630 ( : 0242 0404 0.0526 
1661 i ‘ 0215 0396 0.0470 
1690 3: ee 0191 0385 0.0418 
1719 RK 0169 0373 0.0369 


1746 3.! 0149 0359 0.0325 
1773 5. 85 é 0131 0344 0.0284 
0 1798 : 0115 0328 0.0246 
0.94 905 1823 7 3.8 0101 0311 0.0212 
0 87: 1846 5.7: 3.¢ 0088 0294 0.0181 


0 . 1869 5.42 0077 0277 0.0152 
0. 86: 2 1891 5.1: 0066 .0260 0.0127 
0 795 1912 0057 .0243 0.0104 
0.815 1932 Q 0049 0226 0.0083 
0.79: 747 1952 .0042 0210 | 0.0065 


0 726 1970 ¢ Pr -0.0036 0194 0.0049 
0.7: 704 1989 -0.0030 0179 0.0035 
0.73: 684 2006 3.82 0026 0164 0.0023 
0 666 2022 3.65 4.8 .0021 0150 —0.0012 
0. 66 647 2038 : ¢ .0018 0136 -0 0003 


0.681 629 2054 3.38 5. 0014 0124 +0. 0005 
0.665 612 2068 d 

0.649 597 2083 ‘ ) 0001 0037 +0 .0033 
0.635 - 581 2096 

0.621 565 2109 2.85 


*Where signs are omitted, they are the same as those immediately preceding and following the unmarked 
values 

NOTE: Table gives moment, deflection, and shear coefficients for use in Eq. (6) through (9). Moment co- 
efficients are calculated for 4 = 0, and moments for other values of uw are given by superposition. Values are 
presented as four times the unit value for convenience when groups of columns are considered. 
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n > 2, expressions for the case s > ©, i.e., z > 0, may be substituted. These 
reduce to the corresponding expressions for an edge-supported plate which 
in this case are readily handled and are given in the appendix. Similar expres- 
sions are given for an external boundary, i.e., for the series of Eq. (3). 

In some cases it is convenient to consider the loads on the plate to be con- 
tinued or repeated outside the boundaries, to infinity. Uniform loading over 
the whole plate, and uniform loading on alternate panels, are two such cases. 
A uniform load q to infinity produces no moments or shears only uniform 
deflection (w = gqs*/D), while loading alternate panels to infinity enables 
each to be considered as simply supported at the edges and will be discussed 
as a particular case. It follows also that for a uniform load of any shape, 
deflections inside the loaded area are given by the series of Eq. (3) and out- 
side by the series of Eq. (2). Column reactions could be treated similarly 
where the plate is large and calculations may be so reduced. Point loads 
repeated regularly over the plate to infinity are equivalent in effect to point 
loads within an effective radius* x, where x, = 4.932 for the moments pro- 
duced, and x, = 2.666 or 7.17 for the deflections. Similarly for applied ring 
moments, x, = 2.666 or 7.17 for moments and 4.932 for deflections, although 
moments, ete., in this case decrease rapidly with z and only the closest columns 
need be considered, as described in the previous paper. 

Hence the plate is initially considered to be infinite in extent, and con- 
ditions at internal boundaries satisfied using the series of Eq. (2) representing 


the effects of shear and moment components acting at an origin within the 


boundary. Similarly the external boundary conditions may be satisfied using 
the series of Eq. (3) for shear and moment components acting at infinity. 
Alternative procedures for design are later considered. 

From superposition, the total deflection at any point in the plate is: 


Az=Zzw (10) 
where w is the deflection due to a single load or reaction. Similarly if XX 


and YY are rectangular axes, summing moments and shears, and chang- 
ing from polar to rectangular coordinates, gives: 


> (M, cos? 6 + M, sin? 6 + M,, sin 2 0) 
M, sin? 6 + M, -@ — M,, sin 2 0)? 

> >(Q, cos 0 — Q,sin@ 

Q = (Q, cos 8 + Q, cos O) 


where 0 is measured from the positive X-axis to the direction of the load or 
reaction. 


*This is due to the (damped) harmonic nature of the functions involved as explained in the previous paper.! 
For deflections, any reasonably large value of z may be used for z- if relative deflections only are required 

+Where M,- and M; are principal moments, as in the case of a point load or ring moment, M;: = 0. For a shear 
or moment) couple, M-; = 0 when @ ="0 or =z; for other values of ¢, M;: is given in the appendix, Eq. (Al14). 
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PROCEDURE 


The plate is initially considered to be infinite, and supported by the imagi- 
nary liquid. 

Moments, shears, and deflections have been tabulated for the dimensionless 
radial ordinate x, where x = r/s. The magnitude of the parameters may be 
chosen arbitrarily to give the simplest solution consistent with the accuracy 
required. 

The effects of each load on the floating plate may be found from the tables, 
and superimposed. The magnitudes of the reactions are then determined to 
satisfy the boundary conditions. 

For accurate analysis, all reaction components may be determined simul- 
taneously. If numerous unknown reactions are involved, however, a com- 
puter would be desirable for this step. 

Generally the calculation of reactions may be more readily handled in 
stages, the sequence of which would be governed to some degree by the rela- 
tive magnitude of the different reaction components and the extent to 
which they influence the other reactions. 

Hence for an internal panel of a large or infinite plate on slender circular 
columns, the sequence would be: 

1. Vertical reactions (point loads) are determined from the appropriate condition of 
deflection at the supports, neglecting the other components 
2. testraining moments (shear couples) are determined from rotations (slopes) at 
the supports, including the effects of the point loads. 
3. Ring moments may then be determined from the symmetrical component of the 


slope or moment at the column edge 


Individual moments, shears, or deflections are then determined from the 
equations and tables presented, and summed to give the required solution. 

The deflections, moments, and shears necessary for design calculations 
are given in Table 1 and Tables 1-5 of Reference 1 and are summed using Eq. 
(10)-(14), so that the method resolves to a simple numerical procedure. Slope 
expressions are given in the appendix in terms of tabulated functions. 

If components of higher order are required for accurate analysis, e.g., for 
openings or columns of other shape, these may be determined similarly by 
evaluating the constants at selected points on the boundaries. Vertical re- 
actions may be adjusted where necessary to compensate for the effects on de- 


flection of the other components, i.e., part of a second cycle may be desirable. 


In the general case the series expression for external boundary conditions 
would be included in the above, and slopes and deflections satisfied simul- 
taneously. Alternatively, external boundary conditions may be satisfied 
approximately by moment distribution as later described. 

To illustrate the use and scope of the method, typical design cases will 
be considered. For simplicity columns will be generally assumed to exert 
point reactions. 

*Vreedenburgh and Stokman"® allow for flexure in tapered column heads when evaluating constants by substi 


tuting an equivalent rigid column head of smaller radius. The formulas given are simple and are applicable to 
the present solution. Edge conditions for other cases are given in Reference 1. 
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PARTICULAR CASES 
Concentrated loads 


Consider an internal panel loaded with a concentrated load P,. If the col- 
umns at the corners of the panel only are considered (Fig. 3), their reactions 
P,...P4 may be evaluated, from the condition that the net deflection at each 
is zero. If the load P, alone is applied to the plate it deflects into the liquid 
shown by the broken line in Fig. 3(b). P...Ps must therefore be of sufficient 
magnitude to reduce the deflection to zero at the supports. The sum of the 
deflections produced at each support by P., P:...P,s is therefore equated to 
zero, and solution of the equations so obtained gives the required reactions. 


Inclusion of additional columns increases accuracy, as shown in Example 1. 
When n columns are included,” equating deflections to zero at the columns 
gives, from Eq. (10), 


(15 


where w,, = deflection at n due to unit load at r, and may be obtained from 
Table 3 of Reference 1. Solution of these equations gives the column reactions. 
Total moments are then obtained from Eq. (11) and (12) and Tables 1 and 2 
of Reference 1. 


For loads concentrated at a point, maximum moments do not approach 


infinity as simple (classical) plate theory, which neglects plate thickness, 
would suggest. Westergaard®*® has shown that for circular loaded areas with 
radius r, of the same order of magnitude as the plate thickness ¢, the effect of 
the latter should be taken into account, and for flexural stresses at the face 
farther from the load an effective radius r, should be substituted for rq, 





Fig. 3—Column reactions (a) 

and deflections (b) due to 

Total deflection, concentrated load at the 

——- Deflection due center of a square panel 
to R alone. (Example 1) 
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where 


m= V16r.2 + — 0.675t forO0 Sr, < 1.7241 


rm = fre forre = 1.724t 


These results were calculated for a circular plate of radius 5¢ supported in 
such a manner that the sum of radial and tangential moments at the edge 
was zero. They may be applied to other cases with reasonable accuracy 
however provided the load is not close to a support. 

The effect of plate thickness on openings, and inserts might also be taken 
into account using the refined theory developed by Reissner.°® 


Distributed loads 

For the calculation of moments, etc., inside the loaded area, and in certain 
other cases also, it may be simpler to consider a load or reaction as an ag- 
gregate of point loads, rather than introducing the series of Eq. (2) or (3). 

Hence for the extreme case where the plate seats on a rigid square or rec- 
tangular column head, the reactions will be concentrated at the corners, and 
may be considered as four separate concentrated loads. These will be of 
equal magnitude in the case of axial loading. 


If the reaction between the column and plate is distributed uniformly over 


the bearing area, moments may be determined by numerical integration, 
from the point loading case, using the influence chart, Fig. 4. Fig. 4 gives 
moments due to a distributed load of any shape and is a reproduction oi 
Chart 2 of “Influence Charts for Concrete Pavements” issued by Kansas 
State College, as a supplement to Bulletin No. 65 by Pickett, Raville, Janes 
and MeCormick.* Notation has been altered to suit the present application. 
These charts were prepared for use in the design of unreinforced concrete 
pavement slabs and are based on a Poisson’s ratio of 0.15. Other values of yu 
may be introduced by superposition. 

Similarly, using normal integration, the moment at the center of a uniform 
circular load P of radius x = b is found to be 


M t (16) 


and the moment at the center if the load is distributed around the perimeter 
of the circle is 
P 


M = (m, + m:): 
») 


-_" (17) 


where m, and m, are radial and tangential moments respectively due to unit 
point load and are given in the previous paper.' Loads covering only por- 
tions of circles, if bounded by ares and radii whose origin is the point con- 
sidered, are also readily handled by normal integration. 
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Fig. 4—Influence chart for the moment M,, caused by a distributed load on an infinite, 
elastic plate supported by a liquid. (Adapted from Chart 2, Bulletin No. 65, Kansas 
State College’) 


To use the chart, an outline of the load is drawn on transparent paper to the scale shown, placed over 
the chart, and a count made of the number N of squares covered by the load. The number N is then 
inserted in the formula given. The chart gives the moment at the origin in the direction n 


Alternatively, for uniformly distributed loads, deflections inside the loaded 
area are given by the series of Eq. (3) and outside by the series of Eq. (2), 


and for circular loads only the zero order terms are required in each case. 


Alternate panels uniformly loaded 

Loading alternate panels only (Fig. 5a) gives maximum positive moments 
in the panel. 

When a live load q per unit area is applied to alternate bays of the floating 


plate, the net reaction of the liquid will be — q¢/2 over the whole plate (for 


s—> o). Thus the resultant loads on the plate will be + g/2 (downward) 
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Fig. 5—Plan (a) and resultant 

loading (b) on a_liquid- 

supported plate with alter- 
nate bays loaded 





q «live load per unit area 


on the loaded bay and — g/2 (upward) on the unloaded bay (Fig. 5b). The 


bending moments caused by this loading will be the same as for a simply 
supported plate of span L and loading + q/2. 


Thus the moments at the panel centers due to the load alone are 


L? L? 
and M, = + yq 
16 16 


and these, when added to the moments due to the column reactions from 
Eq. (11) and (12), give the total moments in the plate. 

If alternate panels are loaded to produce a checkerboard pattern, the 
problem may be treated similarly. In this case each panel will behave as 
if it were simply supported along all four sides and loaded with a uniform 
loading of + g/2. Solutions for a simply supported plate uniformly loaded 
are given by Timoshenko.* 

These two cases have been treated previously and in a similar manner, by 
Timoshenko’ using superposition instead of the supporting liquid, but are 
included here to show the general applicability of the method. 

Loading alternate bays produces restraining moments in the columns, 
although these might be neglected in calculating maximum positive moments. 
They may be readily determined, however, from Table 1 and from the slope 
+ gL*/48D at the panel edge due to the resultant uniform loads + q/2 
(Example 4). For maximum negative moments it will generally be sufficient 
to consider a uniform load over the whole plate. The effect of unloading the 


appropriate panels is not large in this case and may be reasonably neglected. 


Panels of varying span 

If span lengths are alternating regularly, e.g., 10 ft, 20 ft, 10 ft, 20 ft, and 
the plate is uniformly loaded, moments can be determined directly from the 
tables as all column reactions will be equal. Certain other cases may be treated 


as variations of this. 
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For the general case, column reactions may be determined with the aid of 
the supporting liquid as previously described. The number of simultaneous 
equations that this involves will depend on the loading, the number of vari- 
ations in column spacing, and to a lesser extent on the choice of s. 

Alternatively for design, it would be sufficiently accurate to calculate the 
moments in each different panel separately, with the aid of the liquid, assum- 
ing the other panels to be identical to it. Then, treating the plate as a con- 
tinuous beam supported along the column center lines with the liquid re- 
moved, the moment differences at the panel edges may be distributed by 
conventional moment distribution. The errors involved will generally be 
small, as the distribution involves differences only. 


Continuous supports 

The reaction between the plate and a continuous support such as an internal 
beam or wall between columns may be found from the condition that when 
it is applied separately to the support, and to the loaded plate, the same 
deflections must result in each. Where the plate and support are mono- 
lithic, the effect of the plate on the stiffness of the support should be taken 
into consideration. 

A wall or very stiff beam may be assumed to have zero relative deflection 
along its length. 


Single panels 

If the plate is uniformly loaded and supported only at the edges it is again 
convenient to consider it to be initially infinite in extent and loaded through- 
out. The uniform load qg then produces no moments or shears, only a uniform 
deflection, w = qs*/D. 


The total deflection at any point is thus given by 


n 


“ ne B Jo (z Vi) + >. Bi, Jn (x Vi) cosn | (18 


from Eq. (3) and (10). The constants B, are again complex and are evaluated 
from the edge conditions. If, for example, the plate is continuously clamped 
around the edge, the boundary conditions are w = 0 and dw/dn = 0 
(= dw/dz), allowing deflections, etc., to be readily determined. Plates of 
any shape, including skew, trapezoidal, or triangular plates for bridge 
decks, may be handled in this way. 

In general the boundary conditions would be satisfied exactly only at 
specified points on the boundary, the number of which would be determined 
by the number of terms of Eq. (18) required in the solution and hence on 
the accuracy desired. 
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Choosing points which allow variations in moment or curvature to be 
adequately mapped, and taking advantage of whatever symmetry is available, 
allows a high degree of accuracy to be obtained with a minimum of calculation. 


External panels 


The boundary conditions at the external edge may be satisfied in one of 
several ways. 

1. By the procedure already described in which the plate is initially 
considered infinite and supported by the liquid, and the series of Eq. (3) 
introduced to satisfy the edge conditions with all loads and reactions applied 
simultaneously. 


2. Alternatively edge conditions may be satisfied by applying point loads 


and ring moments or couples at the edge. These may be applied continuously 
or at given points only, depending on the accuracy required. 

3. The boundary conditions may be satisfied for each load and reaction 
individually. This facilitates a purely graphical procedure and has been 
used for influence charts and tables already prepared for use in pavement 
design,’:* for the case of loads near the edge of a liquid-supported plate. 
The charts and tables would need to be considerably extended for the pro- 
posed application however, and a number of additional ones prepared, to an 
extent that would detract considerably from their present simplicity. 


1. Where less accuracy is required, boundary conditions may be satisfied, 
without the supporting liquid, by conventional moment distribution. The 
plate may be first analyzed for the condition that it is infinite, and supported 
by the liquid. The liquid is then considered to be removed, and the plate 
treated as a beam, or series of beams, supported at the column center lines as 
previously considered for panels of varying span. Moments at the discontin- 
uous edge may then be released and distributed to the other panels. This 
method may be the most suitable for design as it generally involves a mini- 
mum of calculation yet is reasonably accurate, as only distributed moments 
are subject to the inaccuracies of frame analysis, and except at the discon- 
tinuous edge these moments will not be a large proportion of total moments at 
a section. At this edge, moments are arbitrarily fixed by the boundary 
condition. 


Drop panels 
Drop panels, i.e., panels of increased plate thickness, surrounding columns, 
may be handled by the procedures already developed for discontinuities. 
Deflections within the drop are given by the series 


x 


w= = Re| 4 H,' (2 vi) + Bo J, (2 vi) + > A, HH, (z Vi) 


+ B,J, (z Vi)) cosn | 
} 
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which represents the general homogeneous solution for a floating plate, and 
is the sum of the series of Eq. (2) and (3). A., An, B., and B, are again 
complex. Deflections in the surrounding plate are given by the series of Eq. 
(2). Constants are determined from the boundary conditions at the column 
edge and from the conditions of continuity at the edge of the drop. 


Hence, two suitable continuity conditions, for Poisson’s ratio nu = 0, are 
Mn, = Mrz and (M,/D), = (M,/D)2 


where M,, and M, are moments normal and tangential to the edge, respectively. 


For the case of symmetrical bending in a circular drop panel concentric 
with a circular column, only the zero order terms in Eq. (19) are required, giving 


w = p Re [AH (x Vi) + BJ. (x yi)] (20) 


Re J, (x Vt) approaches a constant and may be neglected for design. The 
remaining terms represent the deflections due to a point load and ring mo- 
ment at the column center, and a uniform radial moment applied at the 
edge of the drop. 


In the surrounding plate, 


w= - Re [D. HY (x vj )| = Wor + Wom (21) 


which is, the deflection due to a point load and ring moment at the column 
center as in the case of a circular column and uniform plate. From the shear 
at the edge, the point reactions are found to be approximately equal in mag- 
nitude to the total vertical reaction at the column, i.e., the panel load P. The 
magnitudes of the radial moments are determined from the remaining bound- 
ary condition at the edge of the column (e.g., slope = 0, for a rigid column 
head) and the two continuity conditions at the edge of the drop. 

Radial moment applied to the drop at the outside edge produces pure 
bending (MV, = M, = constant) within the drop. The effects of the point 
load and ring moment are tabulated.!. The different stiffness of the drop and 
plate requires a different value of s and hence of x for each, although in practice 
this is unnecessary in the range of s considered, as might be expected from the 
fact that s is chosen arbitrarily. 

Panels with two or more drops per column may be readily handled by 
satisfying the continuity conditions at the edge of each. 


Column settlement 

The reactions caused in the columns by differential settlement, may be 
determined from their relative deflections. Where just one column settles, 
a distance 6 (Fig. 6), the resultant reaction P, of the settled column, and 
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Fig. 6—Column reactions (a) 

and deflection (b) caused by 

settlement of a single column 

of a square internal panel, 
Example 2 





the reactions P,...P, of the surrounding columns are obtained from the 
equations 


and 


from Eq. (10). 
Moments, shears, and deflections, at any point may then be determined 


9) 


from the tables as before (see Example 


Flat slab raft foundations 


The method as presented is directly applicable to flat slab raft foundations 


if the foundation soil behaves as a dense liquid, i.e., if reaction is proportional 
to deflection. In this case s is determined from the relationship s = (D/k)” 
where k (or y) is the actual modulus of subgrade reaction. Column loads 
are all known and moments, shears, and deflections may be determined 
directly from the tables. Boundary conditions at the external edge may be 
satisfied as before by introducing the series of Eq. (3). 


EXAMPLES 
Example 1 


Analysis of a square internal panel with point supports and a concentrated load P, at the 
center (Fig. 3). 

If just the four closest columns are considered, their reactions may be determined from the 
condition that deflection at the columns is zero. Choosing s = L, the column spacing, then 
from Table 3 of Reference 1 and Eq. (15) 


P,s? P.s? 
A, @ Iw, P, =0= 1 (0.500 + 2 X 0.315 + 0.228) + —— 4 (0.382) 
) D 


*. P, = = 0.281 
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If P., covers an effective area r, = 0.01L, the moment at the center, due to P, is 
Poms , — oo, by Eq. (16), where m, is the tangential moment due to a unit point load 


(Table 1).! Hence from Eq. (11) and Tables 1 and 2 of Reference 1, the total moment M 
at the panel center is 


M = + 0.415 P, — 0.281 P, (1 X 0.321 + 1 X 0.031) = + 0.366 P, 


The deflection A at the panel center, from Eq. (10) is: 


P,s? 
: + (0.500 — 4 X 0.281 X 0.382) = + 0.017 P L?/D 
) 


For greater accuracy additional columns may be included; for example 
12 columns, M = 0.358 P., A = 0.0159 PL*/D 
16 columns, . 0.358 P., A = 0.0158 PL?/D 


20 columns, | 0.358 P,, A = 0.0159 PL?/D 


Example 2 


Settlement of a single column in a square internal panel (Fig. 5), where the columns have 
rigid heads of radius 0.05L. 

If just five columns are considered, and s is chosen equal to L, the reaction P;, of the column 
which has settled a distance 6 and the reactions P, of the remainder, are 


determined from 
the deflection equations, Eq. (10) and (15), 


+ (0.5000 P; + 4 X 0.3151 P2) 
D 


t (0.3151 P, + (0.5000 + 2 0.2275 + 0.1289) P, 


Solving gives P; = + 29.965D/L? and P; = — 8.7 6D/L?*. 


The moments at the column edge, due to the point reactions are determined from Eq. 
(11) and (12) and Tables 1 and 2 of Reference 1. 


M,, = 0.2078 P; + 4 (0.2243 — 0.0418) P, 


Similarly M,, = 7.81 6D/L?. 


Applying a ring moment at the column center to produce the condition slope = 0(= M,) 


and omitting the ring moments from other columns, which are negligible at this point, gives 
M, = Myr — (Mem/Min) X Me, ... where M-m and M,, are given in Table 5 of Reference 1 


(254/ —254) < 7.81] 6 D/L? 


Hence M, = 13.24 D/L? and M, = 0. Greater accuracy would be obtained using a larger 
value of s, say s = 2L, and including additional columns. 
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Example 3 


For the simple case of a uniformly loaded clamped circular plate of radius a, the total 
deflection w from Eq. (18) and by substituting for J, (x yz) the first terms of its series ex- 


x* z* 
a + Cs 
64 1 


pansion, as given in the appendix, is 


At the edge, z = a/s, u : Hence 


and C, 


giving 


64s' 
and in the limit s > ©, w = (q/64D) (a* 2? which is the classical solution. 


Example 4 


Analysis of a flat plate five panels wide, with circular columns and with alternate bays 
uniformly loaded, as shown in Fig. 7. 


The plate is initially assumed to be infinite, with the loading repeated throughout. The 
column reactions are divided into three components—a point load, a ring moment, and a 
shear couple—and each considered separately, as previously described. 

The loading of intensity g on alternate panels produces a resultant loading + q/2 on the 


floating plate. 


The column reactions are of equal magnitude when the plate is infinite, and for square 
panels of span L the point reactions P; are gL*/2. The magnitude of the ring moments is 
determined from the condition that radial slope = 0 (= M,) at the column edge, and may 


* 


be evaluated with only point loads and ring moments acting 


TAS 


_ 


a , 


L i |, 


Fig. 7—Flat plate structure with alternate bays uniformly loaded, Example 4 
































*The symmetrical component of the moments produced by the shear couples and uniform loads is negligible 
in this case. See the example of the previous paper! for details of this step. 
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The shear couple is equal in magnitude to the restraining moment M, in the columns. M, 
is determined from the rotations at the columns, i.e., 


M. = 


in which a is the rotation produced by the loads + q/2 on the (effectively) simply supported 
panels, i.e., a = + q L*/48D; a, is the rotation produced in the column by unit external moment, 
= 144K., where K, { = (EI /luppe) + (EI /liower)| is the total stiffness of the column above and 
below the plate; a, is the rotation of the plate when unit external moment is applied at the 
position of each column, = ap; + a@p2, where a,; is the rotation produced by unit moment at 
the column center and a, is the slope due to unit moments at the other columns. From 


the appendix, for a column head of radius bs, 


a == (mm, cos: © 


n= Dy 


where m, and m, are given in Tables | and 2 of Reference 1. Therefore, 


The factor k may be obtained from the moments already calculated for the point reactions, 


noting that alternate rows are of opposite sign in this case. 


For a square panel, putting s = L gives k = 0.055‘ and for a column of radius 0.05L, 


= (0.288. Hence if K. = 2D 


=qL 
D 
1K 


= + 0.0445 ¢ L 
18 


Hence the moments at the panel centers for the infinite plate [From Eq. (11); Tables 1, 2, 


and 5 of Reference 1; and Table 1) are: 


under loading + ¢/2, M., = + q L?/16 = + 0.0625 gL’ 


4 


for point reactions, M.2 = q : > (m, cos? © + m, sin? @) + 0.0138 gL? 


*This expression gives the slope of the plane containing the edge of the column head. If the effect of the moment 
couple is included for a rigid column head, to provide the condition that the slope at the edge is also ap;, then 
ap: = 1/2D (mr + m:)z =» for small values of z. This value might be used to increase the accuracy, even if the 
moment couples are not further considered in the analysis. This gives Me = + 0.0488 gL’. By conventional 
frame analysis, Me = + 0.0585 qL* (approximate), a difference of 20 percent. The difference is greater for smaller 
column heads. 

+Other cases of interest are: when the shear couples act in the one direction for which k = — 0.112, and when 
every second row only is acting and in the one direction giving k = — 0.030 (for a square panel and s = L in 
each case). 
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V i, 
ring moments, M,; = (7 ) > (M.., cos? 0 + Mi» sin 70) = — 0.00067 


and for shear couples, M., = : F = (m,’ cos? 8 + 3m, sin? 6 cos 9) = 0.0237 


4 


and the net moments at the panel centers are: M,. + 0.0519 


- 0.0257 gL? 


At the position of the discontinuous edge, the net shear is zero in the infinite plate, and the 
net moment (average) from statics is approximately 


M 
= — 0.0194 gL’ 
L 


Releasing and distributing this by moment distribution using the above relationships in ap- 
portioning moments to the columns gives, at the panel centers: 


M, + 0.0520 gL* for the middle panel 
M, ~ 0.0261 gL? in the next, and 


M, + 0.0545 gL? at the center of the external panel 


Hence the effect of the distribution is significant only in the external panel. 


Normally, uniform dead load will be included in the above calculations by proportionally 
increasing M,. and M,;, and the edge moment distributed only for total loads. Moments 
at other points are determined similarly. Panels of other shape, rectangular, triangular, 
or trapezoidal, may be handled with almost equal ease. 


DISCUSSION 


The tables and formulas presented are based on simple (classical) plate 
theory which assumes the plate to be arbitrarily thin. The method is appli- 
cable to any linear theory however, and refined theories may be introduced 
to include local effects where warranted. 

An effect of the imaginary supporting medium is to reduce interaction of 
loads and reactions, and allow the latter to be simply determined. The 


magnitude of s may be of the same order as the span of the plate, or may 


approach infinity, whichever gives the simpler solution for a particular loading 
case. 

The general method as presented appears suitable both for accurate analysis 
and design calculations, and choice of a suitably large value of s allows any 
desired degree of accuracy to be obtained. For design calculations some 
accuracy may be sacrificed to increase the effectiveness of the method as a 
design tool. In this way minor reactions might be neglected or determined 
approximately, e.g., by inspection or by frame analysis. A significant factor 
is that the functions essential for design, are directly tabulated. 
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The effect of the magnitude of s on the number of necessary calculations 
depends on loading and support conditions. For a very large or infinite 
plate, loaded throughout, the number of column reactions to be included is 
proportional to s*, as previously! described. Hence the smallest value of s 
consistent with the accuracy required is desirable. 

Where just a limited area of the plate is loaded, column reactions decrease 
rapidly with distance from the loaded area, so that only the closest need be 
included. In addition, the liquid reaction tends to simulate the restraint 
provided by the remainder. Thus when just one or even several panels are 
loaded the amount of calculation is almost independent of s and a large but 
finite value may be chosen for greater accuracy. 

For a uniformly loaded square internal panel the error in calculated de- 
flection due to the supporting medium is approximately = 0.0008 (L/s)* A 
where A is the deflection at the panel center, and for moment the error is ap- 
proximately S 0.0015 (L/s)* M where M is the moment at the panel center. 
The moment error represents a much smaller proportion of the maximum 
moment in the panel. 

The error will vary with loading and support conditions, so that generally 
a slightly higher value of s than that indicated by the uniform loading case 
may be desirable, say s 2 L, where reasonable accuracy is required. 

For deformations produced within an internal boundary, for example by 
temperature or shrinkage variations or by yielding within the boundary, the 


deflections in the surrounding plate are again described by Eq. (2) and, 


similarly, the deflections within an external boundary produced by these same 
sources acting at or outside the edge, are given by Eq. (3). 


Displacements produced in the plane of the plate by temperature changes 
and shrinkage, are unaffected by the liquid reaction, but the technique of 
producing the required boundary conditions in the finite plate may again 
be used for their solution. 

The method described gives elastic moments, etc., at any point in the 
plate. No attempt will be made at this stage to interpret these results for 
design, except to note that the moments so obtained are the total external 
bending moments on the plate. To what degree these moments are resisted 
by flexure in the plate and to what degree by direct forces, such as mem- 
brane forces or arching action, depends on the proportions of the plate, its 
deformation under load, and the restraint provided by the supports. What 
allowance should be made for these factors and others in design is influenced 
by the behavior of the plate in the post elastic range, and this behavior will 
be considered in a later paper. 


CONCLUSION 


By introducing the liquid support, a general method for analysis of plates 
in flexure is obtained. The analysis may be divided into relatively simple 
steps enabling moments, shears, and deflections to be determined with any 
desired degree of accuracy. 
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APPENDIX 
) are 


Deflection expressions for the individual shear and moment components in Eq. (4 


: Re [C; H,"' (z vi)], Wom -< Re [C, i H (evi)), 


ow ™ 


= Re [C2 i '+"/2 HH, (2 ¥i)] 


nr 


= Re [Cini 2H'\Y (rwvi )| and Wan 


Moments and shears may be expressed as derivatives of deflections as follows 


1 @*w 
(1 —pw)D 
r or do 


Substituting ¢ for A, H.“ (2 Vi) where A, C, +iC., general moment, shear, and 
deflection expressions are obtained. Hence for the symmetrical components, i.e., the point 


load and ring moment, with u 


where primes denote differentiation with respect to rz. 
For the first order antisymmetrical components, the shear and moment couples, 


8° 


s? 
w= — Re (¢’)* cos @ = 
D D 





ELASTIC ANALYSIS OF SLABS AND PLATES 


M, = Re (¢’"’) cos @ = — m,’ cos @ 


cos ¢ = — m;' cos @ 


r’’) cos o¢= - 


where ¢ = 1/4 H (2 ¥ i) for unit point load or for a shear couple of magnitude s, and 
u, M,, ms, and v are given in 


tH,‘ (xvi) for a ring moment or moment couple. 
rT: a. Oh. 


f= - 


Tables 1-4 of Reference 1 for a point load and in Table 5! for a ring moment. 


and v’, for a shear couple are given in Table 1 of this paper. 
Hence for a sym- 


Slopes may also be expressed in terms of these tabulated functions. 


metrical component, radial slope is: 


for unit point load, 
for a ring moment; 


and for an antisymmetrical component, of first order, radial slope is 


dw 
dr 


Re ¢” 


Mm, COS @ for shear couple of magnitude s 


+ s/D m, sin ¢ for the shear couple, where u 


(rd o) = 
Re- 


Similarly, tangential slope is (d w 
in Tables 4, 2, and 1, respectively, of Reference 1. 


is given in Table 1, and v, m,, and m, 
placing m, and m, by M, and M, from Table 5! gives the corresponding slopes for a moment 


couple. 
For deflections caused by shear components of order n 


of order n > 1, only the first term in the series expansion of each function is significant for 
Hence in the series of F.q. (2) for an internal boundary, the 


< 2 and by moment components 


the small values of x considered. 
deflection w, due to an nth order shear and moment component is approximated bv 


wn = | cos nd 
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and the deflection due to an nth order (n > 1) shear and moment component in the series of 


Eq. (3) for an external boundary is given by 


fae a" 2 + Can x| cos nl ®@ 


which correspond to the expressions for an edge-supported plate. 


Moments and shears are obtained by differentiation [Eq. (A2)-(A6)]. Similarly the zero 
and first order terms of the series of Eq. (3) may be approximated for small values of zx by 


D 
Le, 


Hence 


Q, 


where ~ denotes that equality is approached as x approaches zero 
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EXPERIMENTAL INVESTIGATION 
OF FLAT PLATE FLOORS 


By ISRAEL ROSENTHAL 


This preliminary investigation was carried out on circular slabs, loaded 
centrally and eccentrically, representing the most dangerous portion of the flat 
plate floor around the supporting column. Eleven slabs in two sizes, 45 in. 
(116 cm) and 67 in. (170 cm) with a uniform thickness of 4 in. (10 cm), were 
tested and failed either in punching or in flexure. Shear reinforcement was 
found highly effective in preventing punching failure, which shows that thin, 
resistant slabs can be designed with the use of round bar reinforcement. 
Eccentric loading tends to reduce ultimate strength. 


Hognestad’s empirical equation, which considers the combined effect of shear 
and flexure in a centrally loaded slab, was used for slabs containing tension 
reinforcement only, resulting in satisfactory agreement with test data. 


For these latter slabs diagonal tensile stresses were computed directly, taking 
into consideration the detached concrete cone of punching. 


@ IN THE CONSTRUCTION OF FLAT PLATE FLOORS,* the main danger lies in 
the phenomenon of punching, which is known to be a kind of instantaneous 
failure. This failure is of a brittle nature, in contrast to flexural failure 
which is plastic. For this reason, punching is a serious problem in consider- 
ing the safety of the whole structure.‘ 


The object of the present work was a preliminary investigation of the 
behavior of flat plate floors, and it mainly comprises an analysis of their 
resistance to punching, and the development of simplified methods for their 
design. 

In preparing the tests, the actual conditions under which the flat plate 
floors function in practice were duplicated as nearly as possible. This approach 
is a departure from the accepted practices in testing reinforced concrete slabs 
or column footings under concentrated loads.®:*7:8 


In the present series of tests, circular slabs were only used as they repre- 
sent the portion of the flat plate floor around the supporting column, while 
the floor itself is freely supported along its edges by walls or marginal beams. 
This portion of the floor, the most dangerous, may be regarded in practice 


as a separate slab, once the negative bending moments and concrete stresses 


*The term ‘‘flat plate floors’’ refers to the solid reinforced concrete floor supported by columns without capitals 
and not to the type strengthened by rolled profile sections,'.? or to ribbed plates filled with hollow bricks 
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have been calculated. The limit of such a circular slab is determined, in all 
directions, by the vanishing point of the negative moment. 


DIMENSIONS OF THE CIRCULAR SLAB 


It has been found that the average radius of the circular slab for a square 
floor of side 2l, supported at its center by a square column of side 141, is 
a = 0.251, and when supported by a smaller square column of side '4/, the 
radius is only a = 0.201. This dimension of the circular slab remains practically 
the same even if a column //16 x 1/16 is used. 

The moments in the floor were calculated for the first case by means of 
the finite differences method, and for the second case by means of trigono- 
metric series according to the theory of plates. In both cases Poisson’s ratio 
was neglected. 


DESCRIPTION OF TESTS 


The tests were carried out with circular slabs of two sizes, the first 2a = 45 in. (116 cm 
and the second 2a = 67 in. (170 cm). Thus, the smaller slab would correspond to a square 
floor of 21 = 18% ft (5.60 m) and the larger to a square floor of 21 = 2714 ft (8.30 m) dimen- 
sions which are found in apartment buildings. To obtain an inexpensive solution of their 
design, they should be thin and strong enough to resist punching by means of round bar 
reinforcement only, not strengthened by rolled steel sections. 

The tests were divided into three main series: 

Series I—four circular slabs with two-way tension reinforcement and a certain amount 
of bent-up bars, loaded centrally (Fig. 1) 
Series I1—four circular slabs with tension reinforcement only, also loaded centrally 

(Fig. 2) 


Series 11I—three circular slabs with tension reinforcement only, loaded eccentrically 


Data on test slabs 


All. test slabs were uniform in thickness, 4 in. (10 cm) with an effective depth of 3% in. 
(8em). The concrete mix ratio (by weight) was 1:2.4:3.3, corresponding to 540 lb of portland 
cement per cu yd (320 kg per cu m). The water-cement ratio was 0.9, for the stronger con- 
crete 0.6. Concrete strength [434 in. (12 cm) cubes] was not generally high, except for Tests 





FLAT PLATE FLOORS 155 


1/4, 11/4, and III/3. The object was not high-quality laboratory concrete, but merely the 
ordinary grade used in construction work. For the same reason, vibrated concrete was not 
used either. 

The two-way reinforcement consisted of round twisted steel bars of # in. (8 mm) with 
hooks. Tensile reinforcement only was used, concentrated under the column. Yield point 
stresses, as determined by tensile tests corresponded to a relative elongation of 0.2 percent. 

The test slabs were loaded through a centrally located circular reinforced column, cast 
together with the slab. Its diameter was 2b = 7% in. (20 cm), but, to enlarge the loaded 
area, each column was fitted with a miniature capital % in. (1.5 em) wide, thus obtaining an 
effective diameter of 9 in. (23 cm). This miniature column capital is extremely useful and 
can be completely hidden under a plastered ceiling. 

The test slabs were cast over reinforced concrete pipes with internal diameters of 39%¢ in. 
(1.00 m) and 59 in. (1.50 m). This made it possible to observe the formation of cracks in the 
tension surface of the test slabs, and also to measure their center deflections under load 


NOTATION 


area of the horizontal projection of Peace = predicted load of failure 

the detached cone surface Pack = load under which first visible cracks 
area of the tensile reinforcement appear in the slab 

radius of the circular slab Prez = ultimate flexural capacity 

radius of the loaded arga P pone ultimate punching capacity 
circumference of the loaded area © est measured ultimate load 

average effective depth of tensile p = percentage of bent bars in a slab 
reinforcement out of the total amount of tensile 
eccentricity of the applied load reinforcement 

friction coefficient shear reinforcement index in Hog- 
computed stresses of the tensile nestad’s modified formula 
reinforcement = reinforcement ratio in one direction 
yield point of the tensile reinforce- t = diagonal tensile stresses in con- 
ment crete at the moment of punching 
distance between the internal forces, failure 

assumed equal to 0.9 d shearing stress computed at the 
compressive strength of 434 in. edge of the loaded area 

(12 em) cubes after 28 days ; shearing stress computed at a 
half side of a square floor, to which distance d from the edge of the 
the circular slab of radius a cor- loaded area 

responds ratio of Ppunca/Pytez 


load 


RESULTS OF SLAB TESTS 

Series | 

The four test slabs of this series contained shear reinforcement apart from 
the longitudinal tensile reinforcement. This reinforcement consisted of bent- 
up bars arranged in two rings, the first at a distance of 4 in. (10 em) and the 
second 9! in. (24 em), approximately, from the column face. In this way 
these bent bars would always be located within the zone of diagonal tension 
cracks, and their function is, therefore, to bear the tensile stresses. It should 
be noted that these bent bars were not considered as additional steel for 


shearing purposes only, but were part of the tensile reinforcement with the 


same diameter. 
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Fig. 1—Sketch of test slabs of Series |. Only the top layer of the tensile reinforce- 
ment, including bent bars, is shown 
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Fig. 2—Sketch of test slabs of Series Il and Ill. Only the top layer of the tensile 
reinforcement is shown 


Slab I/1 was the only slab in this series which failed in punching under a 
load of 54.0 kips (24.5 tons), in spite of a certain amount of bent bars (p = 
22 percent), (Table 1). As it was important to avoid punching failure in a 
centrally loaded slab, a greater percentage of bent bars was used in the other 
slabs (p = 33 percent). The results show an increase in the ultimate load 
capacity besides the fact that flexural failure was obtained (Fig. 3). In this 
kind of failure the ultimate load did not drop,* but remained nearly constant, 
while the slab itself was in a plastic state of rapidly increasing deflection. 
It is known that in flexural failure concrete fails by crushing at the com- 
pression surface only after initial yielding of the tensile reinforcement. This 
was the case with all other test slabs of this series, including Slab I/4 cast 
with stronger concrete. 


The ultimate capacity of a slab in the case of flexural failure is only 
dependent on the reinforcement and a correct amount of bent bars would be 


*In slab I/1 the load dropped approximately to one third of its maximum value 


The same also happened in 
Series II. 
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Fig. 3—Flexural failure of slab 1/3: (left) Top surface, (right) Tension surface 


effective in delaying punching failure. Such an amount is also important 
in avoiding an excess of bars and to satisfy the requirements for minimum 
spacing and covering of the reinforcement. 


An excess of steel bars can be avoided in a slab once all its reinforcement 
including longitudinal and bent-up bars have reached yield stresses in failure, 
and thus are fully utilized. This will only happen when both flexural and 
punching failures occur theoretically simultaneously or practically within a 
short period. In the case of Slab I/1 which failed in punching, there was an 
excess of tensile reinforcement below the yield point, while in the case of 


Slabs 1/2 and 1/3 which failed in flexure there was an excess of bent-up bars. 


It seems that if a ratio of bent bars between 22 and 33 percent—which are 
the amounts of bent bars in Slab I/1, 1/2, and 1/3—is used in a test slab 
cast of the same concrete, both failures should occur simultaneously, or the 
ratio Of Pouncs/ Pye Should equal nearly one. In this special case, such a 
slab will be considered as containing the correct amount of reinforcement 
without any excess of bars. 

In Slab 1/4, stronger concrete was used with reinforcement of higher yield 
point and with higher reinforcement ratio than in the preceding test slabs, 
as it was larger. This slab failed also in flexure but under a load of 70.5 
kips (32 tons), a result similar to that of Slabs I/2 and 1/3, owing to its larger 
free span. Repeated load was applied in the case of Slabs 1/3 and I/4, and 
as can be seen from their load deflection curves (Fig. 4a), the maximum load 
reduced each time, while the center deflection increased, and never returned 
to its former level, as the slabs were in plastic state. In the other hand 
it can be seen from comparison with Fig. 4b that Slab II/4 which failed 
in punching did not behave in the same manner under repeated load, but 
retained its elastic properties. 
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Fig. 4a—Load-deflection curves of the slabs in Series | 
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Fig. 4b—Load-deflection curves of the slabs: Series Il 
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Fig. 4c—Load-deflection curves of the slabs in Series Ill 
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Series Il 

This series was comprised of four test slabs of two sizes, with longitudinal 
tensile reinforcement only. They also were loaded through centrally located 
reinforced concrete columns, three of them circular and only one rectangular 
(Slab II/3). In Series II, all the test slabs suddenly failed by punching when 
the column stub punched through the slab, and then the load dropped ap- 
proximately to one third of its maximum value (as in Slab I/1). 

In the punching failure, concrete failed in diagonal tension around the 
column before reinforcement had fully reached yield point. The compression 
surface of the slab remained unaffected because the concrete did not fail in 
crushing as in the case of flexural failure (Fig. 5). This means that the 
ultimate load capacity of a slab failing in punching depends mainly on con- 
crete strength in view of the lack of bent bars whose principal function is 
to take over the diagonal tension stresses from the concrete. The fact that 
in punching failure, the reinforcement did not fully yield may indicate an 
excess of straight steel bars in the test slabs. Here too, a correct reinforce- 
ment ratio is desirable. 


This led to Slab II/4 in which tension reinforcement was reduced by 35 


percent compared with I/3. The main idea was to avoid an excess of straight 
steel bars in a slab cast with stronger concrete and thus to obtain full yield- 
ing in the tensile reinforcement not only in flexural failure but also in punch- 
ing. This slab failed in punching under a load of 55.0 kips (25 tons) (Fig. 5). 
Computed stresses for the tensile reinforcement, according to the equation 
a-—b 
FP éast - 
7 See Reference 9 


A, 0.9d 


were above the yield point by 10 percent. This shows excessive strength, 
probably due to membrane action of the slab which tends to increase its 
ultimate load in flexure.* The yield stresses of reinforcement proves that the 
slab was in reality in a plastic state, although it had failed in punching. 

Slab II/4 can be considered to contain a correct amount of straight bars, 
as flexural and punching failures occurred almost simultaneously, and all 
excess of bars was avoided. 

The load-deflection curve of Slab II/4 (Fig. 4b) shows that in punching 
failure the center deflection of this slab reached 5% in. (16 mm) together with 
a drop of 65 percent in the ultimate load. After failure Slab I1/4 was loaded 
and unloaded twice but its capacity, due to the tension mat only, was nat- 
urally low. 

Slab I1/3 with its 8 x 16 in. (20 x 40 em) rectangular column also had a 
larger loaded area 9 x 17 in. (23 x 43 cm), because of a miniature column 
head. If this slab is compared with Slab II/2 (they are similar except for 
the column and the yield point of the steel), it is observed that the ultimate 


*In the above equation, membrane action is not considered. 
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Fig. 5—Punching failure of Slab Il 4, which did not contain any bent bars (p = 0): 
(left) Top surface, (right) Tension surface 


load capacity of the present slab increased with the column dimensions up 
to 60 percent. Both slabs failed in punching and computed mean stresses 
for the tensile reinforcement did not exceed 74-80 percent of the yield point. 

These tests show again, that the ultimate capacity of a slab without bent 
bars and correct reinforcement ratio depends on the strength of the concrete 
and not on the reinforcement which does not develop its full yield strength. 


Series Ill 

The three slabs of this series were loaded eccentrically through circular 
columns with the same diameter and miniature column heads, as in the 
previous tests. The hooked reinforcement consisted only of a tension mat 


Fig. 6—Eccentric punching failure of Slab Ill, 3: (left) Top surface, (right) Tension 
surface 
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without any bent bars. From the 
three slabs tested, only in the last case 
25° load-Meter | (1111/3) a clear eccentric failure was 





n obtained, as can be seen from the 
crack pattern of this slab (Fig. 6). 











Comparison of the similar Slabs 
II1/2 and II/1 (Table 1) shows that 
both have the same P,,,, in spite of the 
eccentric load applied to Slab III/2. 
Such a load should increase the initial 




















diagonal tensile stresses in the concrete 





and tend to reduce the ultimate load 
of the slab. This was, however, pre- 
vented by the friction between the 
testing machine and the circular 
column. When an eccentric load was 





Poon | applied, the plane under the testing 

P machine ceased to be horizontal and 

Fig. 7—Reduction of the eccentric moment * friction force equal to fP cos @ pre- 

due to sliding friction in Slabs Ill/l and vented the column from continuing 

M2 its movement freely in the direction 

of the load (Fig. 7). Thus, the eccen- 
tric moment at the center of the slab was reduced and became 


Pf cos ah <= P (¢ - th 


In test Slab III /3 this effect was almost completely eliminated by using a 
“carriage”’ moving on steel cylinders (Fig. 6), so that rolling (dynamic) 
friction with a low coefficient developed, instead of sliding (static) friction. 
Moreover, the eccentricity was increased to e = 4 in. (10 em). This slab 
failed in punching and the crack pattern was not symmetrical. Its ultimate 
capacity was 44.0 kips (20 tons), lower than the computed failure load for 
the same slab if loaded centrally P.a, = 51.7 kips (23.5 tons) (according to 
the equation on p. 163). 

This result shows, nevertheless, that if an eccentric load is applied there is 
a certain effect on the ultimate strength of the slab, and in the present case 
the reduction is about 15 percent. 


METHOD OF PREDICTING FAILURE LOAD 


Because of the concentrated load, shear and flexure must be considered 
as a combined loading problem and not as two separate cases. It has been 


found that the shearing strength of a slab failing in punching is related to 


its flexural behavior and this fact is well expressed in an empirical equation 
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Fig. 8—Observed shearing 

stresses 7T/Kes, plotted as a 

function of ¢. The test data 

are corrected to K = 250 

kg per sq cm, in accordance 

with Hognestad’s empirical 
equation 
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formulated by Hognestad.'® This equation published in connection with 


8 


Richart’s footing investigation,® gives the ultimate shearing stress in a footing 
containing longitudinal reinforcement only, and was later modified for slabs 
loaded centrally with or without bent bars.'! In the present work the original 
equation for footings was used with metric units, and the coefficients adapted 


to the conditions of slab support.* Thus the equation becomes 


2\ A 7 Ofna. 
‘) 32 + 9.15 = (in kg per sq em) 

Here, A denotes concrete cube strength after 28 days, 7 = distance between 
the internal forces, and c = the circumference of the loaded area. The ulti- 
mate flexural load P;,,. for circular slabs was computed using the equation 
on p. 160, and ¢ is the relative shearing strength defined by @ = Pyunen/P ftee- 

By means of the function ¢, predicted values of the load of failure for slabs 
with tensile reinforcement only are easily calculated according to P..). = 
@ Pyiez, and as can be seen in Fig. 8 there is satisfactory agreement between 
observed and predicted values for the test slabs of Series II. 

If the function ¢ is plotted according to various cube strengths and rein- 
forcement ratios, the diagram in Fig. 9 is obtained. Considering this dia- 
gram, one can observe that for a slab with a constant tensile reinforcement 
ratio, @ decreases with the strength of the concrete. It shows that in a slab 
with low conerete strength the danger of punching arises earlier, even if its 
reinforcement ratio remains constant. More interesting is the case of the 
slab with constant concrete strength for which @ decreases again when its 
reinforcement ratio increases. By increasing the amount of tensile rein- 
forcement in a slab, it can only obtain higher flexural moment, but it will 
not be secured against punching failure and the only result is an excess of 
straight bars. The diagram shows that the correct amount of tensile rein- 
forcement corresponds to @¢@ = 1. This way a better idea is given of the cor- 
rect reinforcement ratio, but in view of the empirical nature of the formula, 
exact values cannot always be obtained. 

*The original equation was used because the modified form was published later. It should be noted that the 


difference between them is + 6 percent for the range of concrete strength between 2800 and 4200 psi (200-300 
kg per sq em). 
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Fig. 9—Variation of ¢ in a circular slab 
according to various cube strengths and 
reinforcement ratios 
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Fig. 10O—Suggested diagram uP sais, with 
the bent bars ratio p as variable 


predicted values of P sai; 


and the observed values of Pyg:. 
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When calculating the failure load 
for the slabs of Series I, their bent bars 
should be considered, as they were 
found to have a pronounced effect on 
the ultimate strength of the slabs. To 
estimate this effect, test slabs of Series 
I and II should be compared, with the 
bent bars ratio as the only variable. 
In the present work the effect of the 
bent bars of Series I was estimated by 
replacing them with an equivalent 


amount of tensile reinforcement, so 
that the empirical formula on p. 160 


could be used again.* 


A suitable series of tests is necessary 
to obtain a diagram of the type sug- 
gested in Fig. 10, in which the varia- 
tion of P 5, for a group of slabs having 
the same concrete strength with dif- 
ferent tensile reinforcement and bent 
bar ratios is plotted. 


'; ne diagram shows that a slab with 


a certain reinforcement ratio yu will 
have a higher ultimate capacity when 
bent-up bars are used (p # 0) than a 
slab with tensile reinforcement only 
(p = 0). As it is important to avoid 
excess of bent-up bars in the slab (and 
so keep the minimum spacing bet ween 
them) their use should be limited to 
the ratio Ppunc/P 

for the slab is nearly equal to one. 
Such 


the case when 
a diagram is more illustrative 
and may simplify the design of flat 
plate floors. 


When the modified formula,!! con- 
taining the shear reinforcement index 
q, Was applied for the slabs of Series I, 
there was no agreement between the 
It seems that the 


high amount of bent bars used in the present investigation, 22 percent < p 


< 33 percent (compared with 3 percent 


was one reason for this disagreement. 


*The equation estimating the effect of 


bent bars is not 


< a 


c p< 
Another one may be the fact that 


14 percent in Elstner’s tests), 


nentioned, since it is based on a small number of tests 
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Fig. 11 — Diagonal tensile 

forces acting on the surface 

of the detached concrete cone 

at the moment of punching 
failure 











in Series I all bent bars were arranged in two rings while the modified formula 
does not consider the effect of different arrangements. * 


CONCRETE STRESSES IN PUNCHING FAILURE 


In the case of Series II, diagonal tensile stresses were computed directly. 
These stresses are found in Table 1, and it can be seen that a satisfactory 
agreement exists between them and the tensile strength of concrete, which is 
known to be about 8 percent of the compressive strength, or V Kos. 

For slabs without any bent bars (Series I1), diagonal tension stresses are a 
better measure of their ultimate strength than the vertical shearing stresses, 
computed according to the conventional procedure. Shearing stresses are 
used in reinforced concrete beams as a means of measuring the diagonal 
tension stresses, but in the case of slabs failing in punching it is more con- 
venient to compute the principal tensile stresses directly, as this method of 
computation takes into consideration the detached concrete cone, which is 
typical for punching failure. 

The diagonal tension forces acting on the surface of the concrete cone at 
the moment of failure are ¢ {dA, and their vertical component is in equilibri- 


um with the external force Ppuna (Fig. 11). Hence, it can be written Ppunca = 


o faAscos a from which the diagonal tension stresses are found 


hiss P 
a = 


cos afdA Avis 


*In Elstner's tests, only the first ring of shear reinforcement was considered, as can be seen in Table 5 for Slab 


B16." 
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Here, A,ing denotes the area of the horizontal projection of the cone surface. 
The angle a, calculated from the diameter of the punching crack circle on the 
lower surface of the slab, was 25-27 deg, but the angle of the concrete cone 
itself is approximately 35 deg. 


CONCLUSIONS 


The main conclusion from the present preliminary investigation is that 


thin reinforced concrete slabs for dwellings can be so designed as to resist 


punching failure. This is best done by means of round steel bars, and with- 
out using any rolled profile sections.'* 
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Title No. 56-13 


Creep Recovery of Mortars 
Made with Different Cements 


By A. M. NEVILLE 


Values of instantaneous recovery and creep recovery of mortars made with 
different cements are presented. It appears that creep recovery is not related to 
mortar strength in the simple manner in which creep has been found to depend 
on this strength. Some data on the change in weight indicate that creep does 
not produce an additional movement of water from the cement paste into the 
surrounding medium. 


@ IN A PREVIOUS PAPER! an experimental investigation of the role of ce- 
ment in creep of mortar was described. When the creep specimens were 
subsequently unloaded a recovery of strain took place, and the behavior of 
these specimens made with various cements forms the topic of this paper. 

This recovery of strain is of two types. The first is instantaneous recovery, 
which represents the elastic strain corresponding to the stress removed and 
to the modulus of elasticity at the time of the removal of the load. This 
immediate recovery is followed by an additional gradual recovery, often 
called creep recovery by analogy to the creep under load. 

Comparatively little is known about creep recovery, although it is important 
in explaining the mechanism of creep of concrete and mortar. For mortar, this 
paper is believed to present the first data on creep recovery. Many theories 
postulating a reversible or a partly reversible mechanism of creep hinge on the 
relation between creep and the subsequent creep recovery. These various 
theories of creep have been reviewed earlier.” 


MECHANISM OF CREEP RECOVERY 


The generally accepted explanation of creep recovery is based on the 
principle of superposition of strains, advanced by McHenry.* The essence 
of this principle is that ‘the strains produced in concrete at any time ¢ by a 
stress increment applied at any time ¢, are independent of the effects of any 
stress applied either earlier or later than ¢,.”". The stress increment is under- 
stood to mean either a compressive or a tensile stress, i.e., also a relief of load. 
It follows then that, if the compressive stress on a specimen is removed at 
the age of ¢,, the resulting creep recovery will be the same as the creep of a 
similar specimen subjected to the same compressive stress at the age of f,. 


Creep recovery is represented by the difference between the actual strain at 


any time and the strain that would exist at the same time if the specimen 


had continued to be subjected to the original compressive stress. 
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McHenry thus considers the mecha- 
nisms of creep and of creep recovery 
to be the same, and the principle of 
superposition of strains implies that 
creep is a delayed elastic phenomenon 
in which full recovery is generally im- 
peded by the progressive hydration 
of cement. 

A basically different view is taken 
by Dutron,* who does not regard creep 


University College, Christchurch, 
New Zealand, and the University 
of Southampton, England. 


as an elastic phenomenon. He sug- 


gests that creep recovery is probably 





caused by a slight swelling of the 








cement paste released from load as the 
concrete is returning to the state of hygrometric equilibrium with the 
unchanged surrounding medium. 


Evidence supporting the principle of superposition of strains was initially 


obtained for mass-cured concrete, but both McHenry’s original data* and the 
later Bureau of Reclamation report® show in many cases an appreciable 
divergence between the theoretical and experimental curves. 

More recently, tests on specimens at constant temperature and humidity 
were conducted by Davies.® In all cases, the actual strain after load removal 
appears to be considerably lower than the residual strain predicted by the 
principle of superposition from subsidiary specimens loaded at the same time 
main specimens were unloaded. This means that, for the tests considered, 
McHenry’s hypothesis overestimates the creep recovery. 

A severe and more searching test of the principle of superposition of strains 
was made by Ross’ who tested concrete specimens subjected to a variable 
stress. He found the calculated strain-time curves to be always of the 
correct shape, and concluded that, for prediction of strains in structural 
members with a gradual decline in stress, superposition gave the best result, 
but not a very different one from the approximate result obtained by the 
effective modulus method. When changes in stress were abrupt the method 
of superposition was preferable, with rate of creep method giving reasonable 
approximation for a small effort in experiment and calculation. 

Comparing the actual strains with those predicted by the method of super- 
position it can be seen that, when the applied stress is decreasing, the pre- 
dicted residual strain is too low. This agrees with Davies’ results,> mentioned 
above. On the other hand, when the stress increases, in steps or gradually, 
the method of superposition overestimates the resultant strain. 

McHenry*® has recently quoted some further data supporting his hypothesis, 
and again for a decreasing stress the predicted recovery exceeds the observed 
value, for normal concrete. For lightweight concrete, however, the situation 
is reversed; McHenry has pointed out that the inaccuracy in this case is due 
mainly to the fact that the instantaneous recovery exceeded the elastic 





CREEP RECOVERY OF MORTARS 


strain upon loading of a companion specimen used for the computation. 

It seems, therefore. that while the principle of superposition of strains 
represents a convenient working assumption, the principle is not strictly 
true, and the creep recovery may be governed by factors other than, or 
additional to, those postulated by McHenry. 


DETAILS OF TESTS 


The present tests followed the measurement of creep of cylindrical mortar 
specimens subjected to a sustained stress. These creep tests have been 
discussed previously in detail,! and data on the cement characteristics, mix 
proportions, and test procedures were given and therefore need not be repeated. 
The apparatus has also been described in an earlier paper.® 

The main conclusion, relevant to the present investigation, is that creep 
has been found to be directly proportional to the stress-strength ratio (defined 
as the ratio of applied stress to compressive strength of the specimen at the 
time of application of load). For the same stress-strength ratio the creep 


of sensibly nonshrinking specimens was found to be unaffected by the ambient 


humidity. 

In the basic series of the present tests all specimens were loaded at the age 
of 28 days. The cylinders stored wet (95 percent relative humidity) were 
kept under a stress of 2150 psi for 120 days; dry stored cylinders (32 percent 
relative humidity) were subjected to a stress of 1430 psi for 80 days. This 
difference in the magnitude of the applied stress was adopted because of the 
different strengths of wet and dry cured specimens. Values of the strength 
at the time of application of load and at the time of its release for cylinders 
of mortar 2 in. in diameter and 9!4 in. long, made with different cements, 
are given in Tables 1 and 2 for the two storage conditions. 


MAGNITUDE OF RECOVERY OF CREEP 


Values of the instantaneous and creep recoveries for mortars made with 
the various cements and stored wet and dry are collected in Tables 1 and 2 
respectively. The elastic strains on application of the load are also given. 

Typical recovery-time curves are shown in Fig. 1, and it can be seen that 
their shape differs from the usual creep-time curve in two respects. First, 
the recovery curve is much steeper during the first few days after the removal 
of the load; second, the full recovery is completed within a short time—often 
2 or 3 weeks—as opposed to the slow continuation of creep over many months. 
These differences are of interest with regard to the theories which attribute 
both creep and creep recovery to the same causes. 

Referring to Table 1 it can be seen that for wet stored specimens, the 
elastic strain upon application of the load and the instantaneous recovery 
upon its removal vary with the strength of the mortar but the creep recovery 
does not show such a correlation. The reason for the high creep recovery 
of mortar made with Cement 2B is not clear. 
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Fig. 1—Creep and recovery of mortar specimens made with Cement 4. The stress- 
strength ratio was 40! percent for wet specimens and 55'/2 percent for dry specimens 


The mortars stored dry show a similar behavior, and the average creep 
recovery for the two storage conditions is nearly the same: approximately 
12 X 10°. 

These figures may mean that creep recovery is not a function of the strength 
of the mortar either at the time of the original application of the load or at 
the time of its release; other important factors must affect the magnitude 
of creep recovery. While the absence of correlation can never be statistically 
proved, this apparent lack of dependence of creep recovery on the strength of 
mortar believed to be of interest. It may be recalled that creep depends on 
the strength of mortar; in fact, for a given stress, creep was found to be in- 
versely proportional to the strength of mortar at time of load application.! 

The ratios of creep after a time under load to creep recovery have been 
calculated for periods under load of 20 and 120 days for wet specimens, and 
20 and 80 days for dry specimens. These ratios (Tables 1 and 2) vary con- 
siderably; for one storage condition, the highest creep-creep recovery ratio 
can be some three times as much as the lowest value of that ratio. This 
again may mean that the creep recovery is not simply dependent on the 
factors governing the magnitude of creep, or else that creep recovery is in 
addition a function of factors of which creep is independent. Values of the 
creep-creep recovery ratio are generally higher for the dry stored specimens 
since their creep is higher owing to the higher stress-strength ratio; the creep 
recovery, as mentioned before, seems unaffected. 

Instantaneous recovery appears to be closely related to the strength of the 
specimen at the time of the release of the load; this is in agreement with the 
observed relation between strength and initial tangent modulus of elasticity 
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of the mortars made with different cements and stored under the same con- 
ditions. 

The ratio of elastic strain upon application of the load to instantaneous 
recovery upon its removal shows little variation, particularly for the wet 
stored specimens, and seems to agree with the corresponding ratio of strength 
at the time of load release to the strength at the time of load application. 

The behavior of the dry specimens is less regular: the English cements 
(1 to 8) show little gain in strength, while the ratio of elastic strain to instan- 
taneous recovery is of the same order as in the case of wet specimens. It 
might appear that while dry curing does not increase strength, aging in- 
creases the initial tangent modulus of elasticity. This is of interest in view 
of King’s recent observation'® that the relationship between strength and 
modulus of elasticity is not unique but depends, among other things, on 
curing conditions. This seems to have been frequently overlooked. 


TABLE 1—TEST RESULTS FOR MORTARS STORED WET, SUSTAINED STRESS 2150 PSI 


| Cylinder strength, psi 
Elastic | Instan- 
At the time| At the time|strain on] taneous | Creep tatio | Ratio | Ratio* | Ratio* | Ratio* | Ratio 
Cement of appli of release | applica- |recovery |recovery z : Cx Cim 
No cation of of load tion of r ’ 
load (age age 148 load ¢ 10 
28 days days) 10 


4080 5870 $8 
i770 4990 14 
41810 5900 48 
528) 6900 45 
3810 5450 
4470 5670 
5350 6680 
4510 6100 
6030 6050 
3370 5980 
41910 6620 
4000 5740 
3900 5700 
5400 7300 
5120 7200 
7270 7300 
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creep after 20 days under load; Cis creep after 120 days under load 


TABLE 2—TEST RESULTS FOR MORTARS STORED DRY, SUSTAINED STRESS 


Cylinder strength, psi 
Elastic Instan 
Cement |At the time At the time/strain on; taneous | Creep tatio tatio tatio* tatio* 
Me) of appli of release | applica- |recovery recovery : C2 Cs 
cation of of load tion of r 
load (age age 108 load ¢ 10 10 
28 days days) 10 


2960 {090 
2H90 
$400 
2570 
2730 
3040 
2220) 
1620 
2410 
1500 
730 
2740 
2930 
2130 
2760 2980 
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twmwons 


creep after 20 days under load; Cx creep after 80 days under load 
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Summarizing, it appears from data of the present investigation that creep 
recovery cannot be simply related to the identity of the cement in the mortar 


or to its strength. Instantaneous recovery, on the other hand, is a function 
of the modulus of elasticity of the mortar; this modulus and the strength of 
mortar, for given curing conditions, are related. Thus the ratio of creep 


recovery to instantaneous recovery varies from cement to cement. 

Creep recovery may be due to the inward movement of water in the cement 
gel released from load. Such movement is rapid in comparison with creep; 
recovery is completed in several weeks. The observed values of creep re- 
covery are believed to mean that recovery is governed by the rigidity of the 
cement paste as a whole, and this may vary little between different pastes. 


CHANGE IN WEIGHT OF SPECIMENS 


To understand better the physical factors relating to creep and its recovery, 
some data on water movement to and from the specimen may be of interest. 
All specimens were weighed immediately before the application of the load, 
after its release, and at the end of the creep recovery. Unloaded companion 
specimens were weighed at the same time. 

It has been found that all wet stored specimens lose weight with time. 
The magnitute of this loss from the age of 28 days on, expressed as a fraction of 
the total weight of the specimen at that time, is between 0.18 and 0.36 percent. 
There appears to be no clear relation between this loss of weight and the 
shrinkage during the same period, although in most cases a higher loss is 
accompanied by a higher shrinkage. 

The highest observed value of the linear shrinkage (reckoned from the age 
of 28 days) was 8 X 10°°, which corresponds to a volumetric contraction 
of about 24 * 10°°. The actual weight loss is much higher than could be 
accounted for by this decrease in the volume of the specimen; the weight of 
water occupying this volume in only 0.01 percent of the weight of the speci- 
men. Ross’s data!! on the relation between loss of weight and shrinkage of 
concrete yield similar figures. It can be seen, therefore, that during the 
early life of mortar a loss of water (loss of weight can undoubtedly be at- 
tributed to the loss of water) takes place without a corresponding decrease 
in the volume of the specimen. 

Data on the weight of loaded specimens show that their loss of weight, 
while under load, is the same as the weight loss of unloaded specimens dur- 
ing the same period. This observation is believed to be of considerable im- 
portance in understanding the mechanism of creep. During the creep re- 
covery, consequent upon removal of the load, a slight increase in weight 
was observed but it is not yet possible to assess this change with a satisfactory 
degree of accuracy, as carbonation was not excluded. 

The behavior of dry specimens is similar to that of the wet ones, except that 
in the former case both shrinkage and weight loss are slightly lower. Loss 
of weight of specimens subjected to a sustained stress is again the same as 
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that of unloaded specimens, but the creep recovery is accompanied by an 
increase in weight of the order of 0.18 percent, often resulting in final weight 
being slightly higher than the weight at the time of load application. 

While it is realized that further data on the change in weight of specimens 
undergoing creep and creep recovery are required, it can be stated that creep 
does not produce additional movement of water from the cement paste into 
the surrounding medium; this applies to both dry and wet stored specimens. 
On the other hand, conditions for internal water movement within the paste 
exist, and this movement is likely to be associated with creep. 


DISCUSSION OF RESULTS 


The exact nature of creep remains still largely unknown but it is possible 
to suggest that the mechanism of creep is related to the movement of zeolitic 
water from the calcium silicate hydrate into the capillary pores in the gel. 

Bernal’? reported the calcium silicate hydrates to be in the form of thin 
fibrous crystals with a short fiber repeat unit of 3.65 A, and interpreted this 
to mean that there exist silicate tetrahedra joined by hydrogen bonds. The 
hydrate has a layer structure with spacing varying between 14 and 9 A on 
loss of water. It could be thought that this loss of intracrystalline water and 
the reduction in c-spacing are associated with creep. X-ray and electron 
microscope have shown the presence of crystals of dimensions of 500 x 100 
x 50 A, which fall within the range of the size of particles of classical gels. 
These lath shaped needles with a tendency to parallel aggregation and a 


. 
capacity for holding water would account for the colloidal properties of 


hydrated calcium silicate crystals. 

The chemical composition of cement does not appear to be a primary factor 
in creep, presumably because different cements produce a gel of approxi- 
mately similar properties. It is true that the calcium silicates are the main 
cementitious materials so that their content determines the strength of the 
hydrated paste, but there are strong indications that the rate of gain of 
strength of the paste varies little between the different cements, at least 
beyond the age of 28 days.' It is interesting that Powers'® found that the 
fractional rates of hydration of the various compounds in cement were ap- 
proximately the same. 

The problem of the relation between the fundamental chemical and physico- 
chemical constituents and the mechanical properties of the cement paste is 
complex because, as Bernal pointed out, the mechanical properties depend 
more on a grosser structure of colloidal dimensions than on the elementary 
chemical constituents. This might explain why there is no significant cor- 
relation between chemical composition of cement and creep of mortar, although 
some correlation between composition and strength has been obtained.' 

Cement pastes loaded to the same proportion of their strengths have been 
found to have approximately the same creep, i.e., creep would appear to be 
a function of the relative amount of the unfilled gel space (strength being 





174 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE August 1959 


proportional to the cube of the gel-space ratio’), and it could be speculated 
that it is the voids in the gel which are responsible for both the relatively 
lower strength and higher creep. 

The observed values of the creep recovery would indicate that it may 
not be an elastic or delayed elastic phenomenon connected with the move- 
ment of water between mortar and the surrounding medium but, more likely, 
a movement of the cement paste due to its return to a hygral equilibrium 
with the ambient medium; some of the zeolitic water expelled under load may 
be restored but the movement is not truly reversible. The rigidity of the 
cement paste as a whole may be the governing factor and for mature pastes 
this rigidity is believed to be sensibly the same. 
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Current Reviews" each 


oO ympli 


175 
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194,000 sq ft. 
gates were found on construction site where 
Bulk 
cement was used and the concrete was com- 
Pre- 


fabricated forms reduced cost considerably 


floor area of Proper aggre- 


a special mixing plant was erected. 


pacted by high-frequency machines 


Steel reinforcement was welded. 


Construction of cast-in-situ cutoff walls 
(in Hungarian) 
H. Lamp and V 
1957, pp. 336-346 
HUNGARIAN TECHNICAL ABSTRACTS 
V. 10, No. 3, 1958 


ItLe!, Vizugyi Kozlemenyek, No. 4 


Interlocking steel shells are sunk into the 
The shells are 


withdrawn 


soil by water-flush drilling. 


then progressively and the re- 
sulting cavities are filled with concrete and 
clay, thus forming a continuous wall. 
Construction of Tito’s plant “‘Lito- 
stroj” in Ljubljana (in Slovene) 
Gradbeni Vestnik 
1958, pp. 56-51 
Reviewed by J. J. PotivKa 


G. BErRcE 
Special Issue 


Ljubljana 7. 9 


teports on the construction of a factory 
3.95 


greater 


with million sq ft of floor area, the 


part being cast-in-place reinforced 


concrete; precast concrete beams were also 


used. 


Construction Techniques 


Modern way to form concrete 


MIKE Spronck, Construction Equipment, V. 19, No 


5, May 1959, pp. 31-35 

In-place concrete costs can be reduced by 
up to $2.50 a cu yd by using pre-engineered 
form systems. Such form systems can be 
bought or rented and used on any size project 
or any type of work. Materials and systems 


are described briefly ° 


Form in one day, pour the next 
ALrrReD Pereira, Construction Equipment, V. 19, No. 
5, May 1959, pp. 43-45 

Every other day the concrete subcontractor 
on a 12-story apartment building in New York 
City placed a 11,000-sq ft, 514-in. thick floor 
slab by using a combination of welded wire 
reinforcing mats and assembly line formwork. 
Most of the wire was )% in. in diameter, and 
most of the mats measured 10 x 20 ft. 

An assembly line procedure was followed in 


forming the columns and spandrels, putting 
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up the shores and deck frames, and placing 
the deck panels for the flat slab structure. 
Since all floors up to the tenth were identical, 
every deck panel was coded. Panels were 
painted in all areas where there would be 
voids in the slabs for pipes, conduits, shafts, 
etc. Then, to make sure the panels went in 
the same place every time, all the column sides 
and deck panels were numbered and arrows 
indicated exactly where how the 


and men 


should place the panels. 


Dams 


On certain power-and-water-conserv- 
ing multiple-purpose projects in Turkey 
(Uber einige kraftwirtschaftliche und 
wasserwirtschaftliche Mehrzweckpro- 
jekte in der Tiirkei) 
F. Toke, Der Bauingeniecur 
2, 7; 1958; Jan., pp. 14-21 
pp. 268-277 

Reviewed by 


Anon L. Mirsky 


Interesting article giving details of Turkey's 
water resources and the conception, design, 
and construction of the large power and 
irrigation being constructed 
(cf Engineering News-Record, Oct. 10, 1957. 


Dam), 


projects now 


pp. 34-46): Gediz (Demirkopru 
Dam), Sakarya (Sarivar 
(Hirfanli), Yesilirmak 


(Sevhan Dam). 


Menderes (Kemer 
Dam), Kizilirmak 
Almus), Seyhan 
Sariyar dam and power plant—a 
Turkish project (Talsperre und Kraft- 
werk Sariyar—Ein Bau in der Tirkei) 


H. Berlin 
\ 


Meyer-Heinricu Der Bauingenieur 
33, N 


o. 8, Aug. 1958, pp. 302-308 


Reviewed by Aron L. Mirsky 


Brief coverage of construction, including 
plant. (cf F. Télke, reviewed above.) 
Dams and hydraulic power plants. 
Part |: Storage dams (Stavanlagen 
und Wasserkraftwerke. Teil I: Tals- 
perren) 


H. Press, 2nd 
3erlin, 1958, 407 py 


Edition, Wilhelm 
54 DM 
Reviewed by J. J. PottvKa 


Sohn 


Ernst «& 


New edition includes description of recent 
built 
their 


dam structures, and proposed, with 


emphasis on progress. Bibliography 


lists 1233 publications, although it excludes 
some references of importance, especially to 
United This book is 


dams in the States. 
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one of the best publications on the subject 
the reviewer has seen, although he believes 
that more credit should be given to engineers 
who originated new principles of safety and 
economy. 

A great number of illustrations is instru- 
mental in better understanding. Less con- 
to 
However, photoelastic stress 


cern is given calculation methods and 


model testing. 
analysis of dams is mentioned 

Following subjects presented are thoroughly 
discussed : general conditions of dams; reasons 
construction 


for location and required di- 


mensions; effects, selection, and type of soil 


conditions; and exterior forces. Other sub- 


jects: various types of dams and their basic 
dam, dam 


efiect, 


characteristics ( gravity gravity 


combined with arch multiple arch 


dam, shell and dome dam with and without 
height, 
under- 


special piers, dam with increased 


repairs and strengthening of dam, 


ground dam, and earth-filled dams such as: 
advantages and disadvantages; their design 


and construction; provision of temporary 


flow; and inspection and checking for reliable 


satety. 


Design 


Column design speeded with computer 


Engineering News-Record V. 62 


Perer T. Gavoris ig 
64-05 


No. 19, May 14, 1959, py 

Reports on a system for designing eccentri- 
loaded 
using high-speed electronically computed de- 
This 


nation of column sizes and bar dimensions if 


cally reinforced concrete columns by 


charts allows a swift determi- 


Sign 


the load and moment are known. 


More steel or better concrete for 
cheaper designs: An economic ap- 
proach to reinforced concrete 


I. R. Lawrence, Engine ng (London V 184 


No. 4782, Nov. 1, 1957, pp. 564-5 


Reviewed by Aron L. Mirsky 


An interesting paper discussing the validity 
of the common assumption that, in the case 
of a composite material like reinforced con- 


crete, Maximum economy is attained when 


the maximum calculated stress in each com- 


ponent material (concrete and steel) equals 


its respective maximum allowable stress. For 


simple rectangular beams, analyzed by 


classical methods, author presents charts 
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showing effects of four variables—steel stress, 
concrete stress (1000-1500 psi!!), modular 
ratio, and ratio of costs per unit volume of 
that 
maximum 


and concludes 
than the 
permissible is sometimes best; use of high 


steel and concret: use 


of steel stresses lower 
strength steel is never warranted, but use of 


higher strength concrete is definitely 
economical. 

Discussion, in subsequent issues (Nov. 22, 
1957, pp. 644-645; Nov. 29, p. 677; Dee. 6, 
pp. 708-709; Dec. 27, pp. 804-805) is critical 
of several of author’s assumptions, especially 


of 


strength design methods, and the conclusion 


his use “classical” rather than ultimate 


that use of high strength steel is unjustifiable 


Design of reinforced concrete beams 
supporting load-carrying walls—Re- 
view of existing methods (in Hebrew) 


Field of Building, No. 62 
Haifa, 14 pp 
AUTHOR'S SUMMARY 


S. Rosennavupr, In the 
Israel Institute of Technology 


the load transmitted 
by a wall to its supporting beam is materially 
altered by the “arch effect’? taking place in 
the The article describes three of the 
methods proposed for the practical solution 


The distribution of 


wall. 


of the problem: the triangular load diagram 


method, an empirical method of moment 


coefficients, and a theoretical method based 
on the radial propagation of the column load 
in the wall (considered as a semi-infinite plane 

Advantages and disadvantages are discussed, 


and a number of numerical examples given 


Ultimate reinforced 


concrete 
M. Grecory and G. ¢ REYNOLDS 


Engineer elbourne \ 41) 
59-61 


load design of 


Presents a simplified and ‘“‘straight- 


forward”’ design method for reinforced con- 
crete members using the ultimate strength 
The used in this 
the same as in the ACI Code 
that plane cross sections remain plane, and 
that the strain of concrete at failure is 0.003, 
but “‘the 
given in the ACI and other codes 


theory. assumptions 


method are 


complicated algebraic formulas 


are un- 
necessary.” 

The strain in the compression side of a 
beam is taken to be 0.003 while an assumption 
is made as to the strain in the bottom steel 
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having these two the strain diagram is drawn 
and the neutral axis is determined. Using 
this information and the empirical formulas 
for the compressive force, the ultimate load 
P at eccentricity e can be calculated. 

Several examples are illustrate 
this method. 


given to 


Frames with curved beams 


Tuomas A. Barta, Concrete and Constructional Engi 
neering (London), V. 54, No. 3, Mar. 1959, pp. 115-116 


Presents a brief outline on the derivation 


of formulas used for frames with curved 


beams. The analysis is based on moment 


distribution, and column analogy for the 


constants. Formulas for moment of inertia, 


stiffness, carry-over factor, fixed-end mo- 


ments, ete., are given. 

Shear investigation of reinforced con- 
crete beams in a state of failure (in 
Hungarian) 


L. GaRayY 
207-209 


Magyar Epitoipar, V. 6, No. 5-6, 1957, pr 
HUNGARIAN TECHNICAL ABSTRACTS 

V. 10, No. 3, 1958 
Describes a method of analyzing the shear 
stresses in a concrete beam which are induced 
Method is based on 
the ultimate strength theory; 


by cracks or fissures. 
therefore equi- 
librium conditions must be satisfied for both 
shear and normal forces at a section through 
the shear fissure. 


Nonelastic deformations in continuous 
concrete structures 


Wirtsern, Publi 


191-196 


Mvurret O 
June 1959, pp 


Roads, V. 30, No. 8 


AUTHOR'S SUMMARY 


The performance of continuous reinforced 


concrete bridges has been rather unsatis- 
factory because of the objectionable cracks 
and sags that develop in the spans following 
This difficulty can be alle- 


viated, however, by modifying the designs 


construction. 


to compensate for the effect of the drying 
shrinkage of concrete. Creep and_ plastic 
flow of the concrete are also recognized as 
minor contributing factors to the problem of 
cracking and sagging. 

Designing for shrinkage moments usually 
than 1 

Heavier 


adds less percent to the cost of a 


structure. and longer lengths of 


negative moment reinforcing steel are re- 


quired because of the increase in negative 
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moments and because the points of inflection 
move farther out in the spans as a result of 
the increase in negative moments produced 
by the effect of drying shrinkage of the con- 
crete. For some designs the concrete on the 
compression side of the girders will be over- 
stressed in the vicinity of the interior piers. 
A. slight geometry of the 
girders usually reduces these stresses suffi- 


change in the 


ciently and adds only a small volume of con- 
crete to the design. In box girders this can 
be accomplished by thickening the compression 
flange of each girder for a short distance at 
each interior pier. 


A doubly-curved shell roof in Belgrade 


M. Krstic, Concrete and Construc 


ronal Engineering 
London), V. 54, No. 2, Feb 


1959, pp. 73-80 


Describes design and construction of a 
doubly-curved prestressed concrete shell roof. 
The horizontal projection of the major and 
minor axes are respectively 230 and 157 ft. 
The shell thickness varies from 3% to 7% 
in. At 


are in excess of 57 psf, the roof is prestressed 


the corners, where the tensile forces 


with high-tensile steel cables, each of which 
Where the 
roof is in compression 4-in. mild steel is used 


is comprised of six 3/16-in. wires. 
as bottom reinforcement. 

Design of the roof was in accordance with 
the membrane theory and a system of partial 
differential equations were used in the deri- 
vation of equations used for the unknown 


forces. 


Effect of deflections on moment distri- 
bution in folded plate roofs (in Swedish) 


Einar Eriksson, Nordisk Betong (Stockholm \ 


No. 1, 1959, pp 


viewed by MarGaret Corsin 


The behavior of folded plate structures is 
influenced by the deformations of the joints 
This 


concrete gable roof 


influence is examined by studying a 
The results of this study 
are utilized for the design of gable roofs. <A 
gable roof is similar in structural action to a 
longitudinal 


longitudinal 


plate girder carried on three 


The 


been 


supports. two external 


walls have assumed to be rigid in a 
vertical direction, while the central support 


The 


reaction of the support which is produced 


is constituted by the deformable ridge. 


in the ridge is transmitted by folded plate 


action to the gable walls. 
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Construction of grain silos in Morocco 

(La construction des silos a céréales au 

Maroc) 

M. J. View, Supplement to Annales, Institut Tech- 

nique du Ratiment et des Travaux Publics (Paris), V. 

11, No. 131 (Series No. 26), Nov. 1958, pp. 1194-1215 
The 


operation of grain silos are given as well as 


basic ideas behind the design and 
a detailed survey of Moroccan achievements 


in this field. 


Pressure of silage on walls (Efforts 
exercés sur les parois par la matiére 
ensilée) 


Brief monograph on several silos built 
in Morocco (Monographie succincte de 
quelques silos réalisés au Maroc) 
M. J. Despeyroux, Supplement to Annales 
Technique du BaAatiment et des Travaux 
Paris), V. 11, No. 131 (Series No. 26), Nov 
pp. 1216-1229 

The 


general 


Institut 
Publics 
1958. 


first 
theory for the 


part is an exposition of the 
determination of 
pressures in silos and of design calculations 
based on the Roenen-Janssen and Caquot 
hypotheses. Describes the properties and 
behavior of materials in silos and the tests 
in this connection by Reimbert. 
forth by 


dynamic 


carried out 
Finally the 
and the question of 


theory set teimbert 
loading are 
discussed. 

A concise description of various silos in 
the second part shows the technical solutions 
given to the various construction difficulties. 


Materials 


New stockpile measuring method 
WwW. E 
Quarry, V. 51, No. 10, Apr 


Jacony, Pit and 
1959, pp. 88-91 


PoutmMan and Howarp 


Describes a method of volume inventory 
for sand and gravel stockpiles that employs 
aerial surveying and electronic computations 

Using an aerial photograph and a stereo- 
plotter a “dot” is set at the ground elevation 
of the picture and then cultural detail and 
contours are drawn. Cross sections are taken 
at 10-ft intervals and in parts where piles 
are ragged, closer sections are used to mini- 
mize the possible error due to averaging ad- 
jacent end areas in the volume calculation. 
This 
circuitry that activates a punched paper tape 


This 


information is recorded on electronic 


and an electric typewriter. tape is 
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processed through a tape-to-card converter 
and the punch cards are then put into an 
The 


computed are 


digital author 
that 


accurate to within 2 percent. 


electronic computer. 


claims volumes thus 


HMS for 
Canyon 


Water B 
May 1959, pp 


sand pioneered at Glen 


Rock Products, V. 62, No. 5 
140-141 


LENHART 
134-135 

Heavy media separation (HMS) is being 
used to process aggregate at Glen Canyon 
The 


contains soft stone, shales, sandstones, some 


Dam. deleterious materials removed 
clay, and calcareous siltstone. 

The original set-up proved to be unsatis- 
and so the coarse and fine fractions 
The 
HMS 
set-up consisting of a 54-in. spiral cone which 


factory 
were given separate HMS processing. 
1% x \-in. gravel 


coarse uses a 
recovers about 85 ton per hr while the sand 
HMS is good for 10 ton per hr. 


Interim recommendations by the 
National Building Research Institute 
to reduce the corrosion of reinforcing 
steel in concrete 


Transactions, South African Institution of Civil Engi- 
neers (Johannesburg 7, No. 8, Aug. 1957, pp 
248-250 


Reviewed by D. G. Norman 


Recommends attention to mix proportion- 
ing, mixing, placing, use of clean steel, 2 to 


3-in. cover, careful curing, surface water- 


proofing, and early repair of faults. 


Calcium chloride in concrete 


CM-1, Calcium Chloride 
1959, 58 pp. 


2 


Vanual Institute, 3rd 


Edition 


The manual consists of six separate parts. 
There are data on: major effects of calcium 
chloride, technical data, industry use, how to 
se, specifications, and special conditions. 
Nearly 20 charts are assembled, many of them 
from engineering literature, which has the 
advantage of placing considerable data under 


one cover. 


Three factors govern optimum gypsum 
content of cement 


W. E. Haskett, Rock Products, V. 62, No. 4 Apr. 
1959, pp. 108-112, 146, 149 


Cement containing an optimum gypsum 


content (SO;) is superior in the following 


properties: good heat retardation, high 
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strength, low contraction, and low expansion. 
Three factors that govern the most favorable 
amount of gypsum are C;A (3 CaQO-Al,O 
alkalies (NasO and K,O), and the fineness to 
which cement is ground. 

A linear equation is developed by using 
data from composition tests on 12 clinkers 
Computed values of optimum SO; content, 
using this equation, show close 
with experimental data. 


agreement 


Wet grinding of cement raw materials 


J. Ricuarp Tonpry, Pit and Quarry, V. 51, No. 9, 


Mar. 1959, pp. 95-99 


feviews the various operations of wet 
grinding of materials for cement and their 
relative merits. 

Alternate and continuous feeding opera- 
thickeners, thickener 
flocculation, and liquid cyclones are discussed. 
The with rake 
classifiers leads the list in mill utilization 
with the open circuit system at the bottom. 


tions for underflow, 


closed circuit and bowl 


Paints and coatings for the interior of 
buildings—Floors and decks 
N. A. Mason, Field Applied Paints and Coatings 
Publication No. 653, Building Research Institute 
Washington, D. C.. 1959, pp. 24-26 
AuTHOR’s SUMMARY 

Note is taken of the effort being devoted 
by paint chemists to developing an ideal 
coating for concrete floors which would have 
good alkali resistance and good wear resist- 
traffic 
lation and performance of the new urethane 


ance under foot Chemical formu- 


coatings are discussed and results of tests 
both in the laboratorv and in the field are 
described. 


tise in popularity of the new 


latex emulsion finishes for floors and decks 
is also discussed and their properties and 


advantages listed. 


Paints and coatings for the exterior of 
buildings—Masonry and concrete sub- 
strates 
Gerovutp Attiyn, Field Applied Paints and Coatings, 
Publication No. 653, Building Research Institute 
Washington, D. C., 1959, pp. 40-48 
AuTHOR’s SUMMARY 

The types of paints and coatings commonly 
used today on masonry surfaces are discussed 
and their advantages and limitations analyzed 
in terms of alkali resistance, speed of drying, 
ease of application, and finished appearance. 
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Waterproofing qualities of various paint for- 
mulations are compared, specifically paints 
made from cement, silicone solutions, and 
asphalt coatings. 


Problems of technology of welded 
cold-drawn reinforcement steels (Niek- 
toré otazky technolégie zvaranej 
vystuze z 
studena) 


I. Meszaros, and R. Skrucany 
Bratislava), V. 6, No. 5, pp 


ocele pretahovanej za 


Stavebnicky éasopis 
289-309 


teviewed by J. Srork 


weldability of 
cold-drawn special reinforcement steels for 


Analysis of problems of 
concrete with regard to the tendency to re- 
aging 
stresses of the welding processes. 


crystallization and due to thermal 
Follows a 
tests made 
with steels having ultimate strengths 50-61 
kg per sq mm (71,100-87,100 psi 


by cold 


review of results of a series of 
obtained 


drawing process from steel with 
ultimate strength 37 kg per sq mm (52,600 
psi). The aim of the test was to check the 
tendency to aging by -testing notched speci- 
mens. As the result of tests a number of 
optimum welding characteristics were found 
ensuring the required mechanical strengths 
of welded joints and keeping the mechanical 


properties of cold drawn steels. 


Correlation between chemical and 
mortar bar tests for potential alkali re- 
activity of concrete aggregates 


Bernarp CHAIKEN and Wooprow J. 
Publi J 


HALSTEAD 
Roads, V. 30, No. 8, June 1959, pp. 177-184, 190 
AUTHOR'S SUMMARY 
The ASTM mortar bar expansion test is 
generally considered to be the most reliable 
method available for determining the poten- 
tial alkali 
this test requires considerable time, a quick 
chemical test was also adopted by the ASTM 
to obtain a 


reactivity of aggregates. Since 


rapid evaluation of concrete 


aggregates. This investigation was made to 
determine the degree of correlation between 
the two test methods. 

Fifty-two concrete aggregates were evalu- 
ated by 


results 


the rapid chemical test, and the 


generally showed good correlation 


with the data obtained in mortar bar tests. 
However, the chemical test does not always 
give reliable results for 


some aggregates 


because of the interference of certain minerals 
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An empirical division of the chemical test 


results is proposed which would serve to 
isolate those aggregates which may contain 
such interferences, and thereby indicate the 
need for further tests 

Some aggergates showed a high degree of 
reactivity in the chemical test but did not 
An 


additional empirical division of the chemical 


produce excessive mortar bar expansion. 


test results is suggested which would separate 


chemically reactive aggregates into two 


groups. Such a separation would eliminate 
the need of supplementary mortar bar tests 
Chemical test 
group 
reactive but 
aggregates 
for 


on many reactive aggregates. 
which fall 
indicative of very 


results into one such are 


highly not 
necessarily expansion-producing 


Special mortar bar tests are necessary 


such materials. 


Pavements 


Load-carrying capacity of roads as 
affected by frost action: Final report 


Bulletin No. 207 Board 
$2 pp., $0.80 


Highway Research 1959 
Contains the final report of the Committee 
of Roads as 
Affected by Frost Action, representing the 


on Load-Carrying Capacity 
conclusions arrived at by virtue of the several 
Each of 
the eight progress reports of the committee 
of these, 
unpublished, are given in full. 


cooperating state project results. 


is summarized. Two previously 


Grinding with diamond blades 
smooths Illinois tollway 


Georce L. Jackson, Ciril Engineering 29 
Apr. 1959, pp. 50-51 


No. 4 


When trucks and automobiles are traveling 
at high speeds, little bumps or variations on 
shock 
road which 
both. To 
specification 
16 ft on road 
surfaces and 4 in. in 10 ft on bridges. 

To 


cutter” 


the surface of a highway and 

to both 
in the 
this 
limited variations to 4 in 


cause 
vibration and 
of 


rigid 


vehicles 
results deterioration 
reduce damage a 
in 
this high tolerance a 
with metal bonded blades impreg- 


(of 


ensure “bump 


nated with natural diamond powder 


relatively large size) was used. Lineal speed 
was 10 ft a min. Cost was 5 cents per sq ft, 


plus the cost of water and lights. 


REVIEWS 


Pavement for heavy planes 


Puiture A. Han, Civil Engineer 
1959, pp. 46-48 


ing, V. 29, No. 5, May 


Pavement design for airports servicing 
heavy turbine powered planes (300,000 Ib 
has become somewhat more complicated due 
the difficulty of the 
distribution of multiple assemblies. 


This article discusses the procedure of design 


to determining load 


wheel 


(based on “equivalent single wheel loadings” 
for rigid pavements, flexible pavements, and 
shoulder treatment. 


Precast Concrete 


Prestressed concrete work, also with 
hollow ceramic block, of Gradis con- 
struction organization (in Slovene) 
D. Farenrk, Gradbeni Ve 


Special Issue, 1958, pp. 36-47 
Reviewed by J. J. PotitvKa 


L. Trerro and stnik 


Ljubljana), V. 9 


the 
brick factories was built of various types of 


A manufacturing plant in Brezice 


precast and prestressed units, especially 


hollow block. 
Similar assemblies have been used for floors 
the 


beams with inserted ceramic 


and bridges of medium spans, such as 
at Polhov In 
Freyssinet’s method em- 
ployed. Characteristic structures with details 


bridge Gradec most 


cases 


prestressing was 


and illustrations are thoroughly discussed. 


Application of large precast reinforced 


concrete column footings in Sim- 
feropol’ power plant 


V. N. Jari, et al., Beton i Zhel 


‘ Moscow 
Dec. 1958, pp. 449-453 


zobeton 


Reviewed by D. Warsrein 


Precast column footings measuring 11.5 x 
17 ft and weighing 16 tons were tested to 
determine their suitability for supporting 
columns carrying a design load of 500 tons 
The to the 


footing through a precast pedestal. During 


column load was transferred 
the test, the load was applied through a 
hydraulic support beneath the footing which 
produced a uniformly distributed pressure. 

On the basis of the test data, the authors 
recommended that the pedestal and the foot- 
ing slab be designed as 
elements, but the 


the area of contact taken into account. 


separate flexural 
forces at 
Both 
the pedestal and the footing slab were de- 


to the of 


with frictional 


signed resist shear without aid 
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The 


concrete in the 


bent-up _ bars. minimum 
compressive strength of 


foundation elements was taken as 3000 psi. 


stirrups or 


The longitudinay reinforcement of deformed 
bars is uniformly spaced both in the footing 
slab and in the pedestal, and the steel is 
terminated without hooks. 

On the construction site, the precast slabs 
are set in a sand bed 2 in. thick, which is 
carefully leveled. The pedestal is set in a 
mortar bed placed on the roughened top face 
of the footing slab. 


Construction of an automobile factory 
in Maribor (in Slovene) 


I. Lan, Gradbeni Vestnik (Ljubljana), V. 9, 
Issue, 1958, pp. 94-95 


Special 


Reviewed by J. J. PotivKa 


Reports on a concrete structure 


covering 172,000 sq ft. 


precast 
Every day 3200 sq 
ft of the building, consisting of 6-ton precast 
members, was erected. This included heavy 
roof trusses, spanning 100 ft, that were pre- 
cast and assembled on the site. 


Prestressed Concrete 


Design of prestressed cylindrical shells 
(in Swedish) 


Ivar Hovanp, Nordisk Betong 
No. 1, 1959, pp. 1-14 
Reviewed by MarGaret Corpin 


(Stockholm), V. 3 


Deals with the design of prestressed circular 
cylindrical shells on the basis of the theory of 
elasticity. First, a method is presented for 
the design of 
which is subjected to 


a shell without edge beams, 
a prestressing load 
distributed over a small part of the are at 
the end of the shell. 
N, are given in a numerical example. 
shell 


beams, which is subjected to prestressing 


The resulting values of 
Then 
with edge 


follows an analysis of a 


loads applied at the ends of the beams. 
Diagrams representing N,, N.d, and M@¢ in 
this case of loading are shown in a numerical 
example. The same shell subjected to a 
vertical surface load is also analyzed, and the 
resulting forces in the prestressed shell are 
Finally, the 


with 


shown in diagrams. results 


obtained are compared those of an 
approximate design method, which includes 
only the first term of the Fourier series. For 
typically long shells, the approximate design 


method gives satisfactory results, but for 
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should be used 


approximate 


this method 

The method 
furnishes no information on the distribution 
of N,@ near the end of the shell. 


shorter shells, 


with caution. 


Design tables for the AASHO-PCI 
joint committee standard prestressed 
bridge beams 


K. K. Kienow, Civil Engineering Series No. 3, 
versity of Arizona, Dec. 1958, 61 pp., $1 


Uni- 


Design data are presented which are ap- 
plicable to the standard prestressed concrete 
beams recommended by the 


bridge joint 


committee of the American Association of 
State Highway Officials committee on bridges 
and structures and the Prestressed Concrete 
Institute. 


to eliminate much of the time consuming 


The design tables were produced 


calculations which often lead to the conclusion 
that a given design is either inadequate or 
too conservative. The data presented in the 
tables will give an immediate indication of 
the feasibility of a proposed design from a 
flexural standpoint. 
Calculations based on 
with full dead 


beam and full live and impact load carried 


were a composite 


design load carried by the 


by the composite section. Approximately 
16,000 designs were investigated using an 
electronic computer. Only those designs with 
required 28-day strengths in the range of 
3500 to 6000 psi were tabulated. 


Use of prestressed concrete in eco- 
nomical construction of buildings (in 
Italian) 


G,. NEUMANN 
1958 


Milan), V. 55, No. 8, Aug. 


I! Cemento 


Reviewed by J. J. PourvKa 


feviews building materials and their in- 
fluence on structural design. Early usage of 
prestressed concrete in various countries is 
United States, France 
(Freyssinet), Czechoslovakia (Wettstein), 
Holland, Italy. 
Author also points to some of his designs, 
past 50 
Author describes prestressed concrete floors 


mentioned, as in 


Germany, Belgium, and 


economy based, over the years. 


used for reconstruction of the Florence 


University law department. There are cases 
where reinforced concrete without prestress- 
ing may prove to be more economical, and 
each case should be investigated from this 


standpoint. Prestressing proved more eco- 
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nomical in buildings with long-span floors 
and garages, 
buildings, assembly halls, etc. 


roofs, as theaters, big office 


Special facilities for painting Air Force 
planes provided in long-span pre- 
stressed concrete hangar 
Anton Tepesko, Louis A. Nees, and Marvin T. 
Koerner, Civil Engineering, V. 29, No. 1, Jan. 1959 
pp. 38-41 

Girders used for the roof were 136 ft long 
and weighed 84 tons while the roof panels 
were 25 x 11 ft and weighed over 6 tons. 
Both were precast at the site, the girders so 
that they were parallel to their final position 
in the structure. These girders contain 18 
high tension bars, 1% in. in diameter with a 
minimum yield point of 130,000 psi. They 
were post-tensioned with 65 percent of their 
total prestressing force and then lifted up, by 
three cranes, 40 ft into place, onto cast-in- 
place columns and then transported on a 
track dollies to their 
position in the structure. 


temporary with final 


Some prestressed concrete bridges with 


wire strand tendons in Poland (Einige 

Spannbetonbriicken mit Seilspannglie- 

dern in Poland) 

M. Wotrr, Bauplanung-Bautechnik 

No. 5, May 1958, pp. 195-200 
Reviewed by J. I 


Berlin), V. 12 


LEPPMANN 


Strands have either 37 or 61 cold drawn 
diameter and 236,000 
psi tensile strength arranged in helical layers 


of alternating left and right lay 


wires of 5mm (0.196 in. 


with inner 
The 
strands were tensioned either individually or 
by the block method, 
Leonard System, the latter being preferred 
for members over 110 ft 


to outer layers increasing in pitch. 


concrete Bauer- 
Individual 
sockets 
conical bores in which the wires are 


long. 
tensioning heads are steel with 
fanned 
out, pressed between steel wedges and which 
are finally filled with liquid zinc. Tests were 
made with cone angles of 6 deg 20 min and 
9 deg 30 min and with smooth and stepped 
inner surfaces. The effect of zine, of various 
degrees of purity at melting temperature, on 
the strength of the wires was also tested in 
the laboratory and found to be negligible. 
The strands were laid in wide semicircles 
At the end of each 


strand the wires are individually fanned out, 


and anchored in concrete 
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and bent backward in a spiral cage of about 
20 in. in long. The 
cage is formed from %% in. reinforcing bars. 


diameter and 24 in. 


Detailed descriptions including tensioning 
procedures and observations during erection 
are given for four bridges. Two have mono- 
lithic superstructures resting on river piers 
and cantilevering over the side openings. 
The others have the side spans supported 
by piers and abutments with the center 
span formed by cantilever arms supporting 
Poland’s longest 
prestressed concrete bridge, which spans a 
total of 641 ft is of this type. The 112 ft 
suspended span is formed of T-shaped pre- 


a central suspended span. 


cast beams and a partially cast-in-place deck. 


Proceedings of Third Congress of the 
Fédération Internationale de la Pré- 
contrainte—Papers 
Fédération Internationale de la Précontrainte, 1958 
766 pp., $40 (price includes two volumes, one contain- 
ing the papers, the other the discussion). Published 
for FIP by Cement and Concrete Association, London 
The Third 
Internationale de la Précontrainte was held 
in Berlin, May 5-10, 1958. This 
contains all the papers and general reports 


Congress of the Fédération 


volume 


presented, grouped under the following 


headings: (1) developments in design meth- 
ods, (2) progress in prestressing techniques 
as applied on the site, and (3) progress in the 
manufacture of factory made precasting units. 

The papers are printed in their original 
language, each with a summary in all four 
congress languages (English, French, German, 
and Spanish). The general reports are printed 
complete in all four languages. 

A companion volume to be published later 
this year will contain the discussion. 

Reviews of some of the individual papers 
contained in the volume will appear in the 
ACI JourNAt as space allows. 


Prestressed sea wall 


Concrete and Constructional 


V. 54, No. 2, 


Engineering (London 


Feb. 1959, pp. 73-80 


Reviews the repair of a sea wall using pre- 


stressed precast concrete units with post- 


The wall, which is at an 
angle of 60 deg to the horizontal, was built 


tensioned steel. 
about 60 years ago and was strengthened in 
1933. 

The 
39 ft long and 2 ft 3 in. deep and are pre- 


precast units being used today are 
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stressed, both longitudinally and transversely, 
to 500 psi. The 
formed by rubber 


longitudinal ducts were 


tubes stiffened with re- 
movable steel rods while the transverse ducts 
were formed by timber cores. These units 
were made in a factory with a 28-day cube 
The top of the sea 


wall was capped by 10 ft long coping units, 


strength of 6500 psi. 


four units to a bay, and were prestressed as 
they were placed in position. 


Construction of prestressed concrete 
pavement slabs in Osaka City 


Yasvo Konpo and 
Faculty of Engineering 
Japan, V. 21, Part 1, Jan 


VM emoirs 
Kyoto 


Kryosut OKADA 
Kyoto University 
1959, pp. 1-14 
AUTHORS’ SUMMARY 
Describes the prestressed concrete pave- 
ment slabs, 60 m and 40 m in length which 
were constructed in Osaka City in January, 
1958. steel laid both 
longitudinally and transversely in the 60-m 
inter- 
section of about 60 deg in the 40-m slab. 
The construction and testing of the pave- 
detail. The 
results prove the superior behavior of pre- 


Prestressing was 


slab, and diagonally with angles of 


ment slabs are described in 
stressed slabs, especially in their elastic re- 
covery, and indicate that such construction 
could be advantageously used in future pave- 
ment construction when it becomes economi- 
cally comparable with other forms of construc- 


tion. 


Some relaxation tests on prestressing 

wire 

STANISLAW Kasrasz, Magazine of Concrete Research 

London V. 10, No. 30, Nov. 1958 pp. 143-140 
AUTHOR'S SUMMARY 

relaxation 


Describes tests performed on 


single and twin-twisted prestressing wire, and 


the results are compared with 


published 


results of other investigations. A general 


equation relating relaxation, stress, and time 
is developed, and the results are shown to 


be in good agreement with this. 


Cracking in prestressed concrete 


Modern Concrete, V. 22, Part 2 
No. 12, Apr. 1959, pp. 58-62 


James R. Lipsey 


Describes cracking of prestressed concrete 


resulting from construction methods 


and 


poor 


poor workmanship such as improper 


placement of tendons, lack of sufficient sup- 
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port for reinforcing cage, and improper mix- 
ing and placing of concrete. Also discusses 
cracking effects caused by the sudden release 
of pretensioning forces. Suggests releasing 
the tendons by jacking mechanisms rather 
than cutting as is the general practice. 

Poor detailing practices also contribute to 
cracking and suggestions are offered to avoid 
the more obvious errors. 


Prestressed sheetpiles enclose jetties 
Wittiam F. Remineron, Ciril Engineering, V. 29 
No. 5, May 1959, pp. 59-60, 63 

The Navy is constructing, in Long Beach, 
Calif., two protective jetties using prestressed 
concrete sheetpiles, 30 ft long and 16 x 36 
i i section. 
with 22 


14 of them being used on the more abrasive 


in. In cross These piles are pre- 


tensioned 4¢-in. diameter strands, 


water side. Piles were cast in metal forms 
with the 


down so as 


waterside of the pile being face 


to give a dense water- 
They then 


The design used employed 


more 
surface. 
160 F. 


a no-cracking safety 


resisting were steam 
cured at 
factor, rather than the 
theory, so 


ultimate strength as to prevent 


or greatly reduce cracks. 


Organization and problems of a major 
prestressed concrete structure in South 
Africa 


K. H. Sorenson, Journal, South African Prestressed 

Concrete Development Group (Johannesburg), V. 4 
No. 1, Feb. 1955, p. 7 

Reviewed by D. G. Norman 

Discussion is concerned with the Rupert 

Ellis-Brown Viaduct, 


the 100 ft between walls a large number of site 


Durban. In spanning 


precast girders were used. 


The 


system and employed steel molds with ex- 


post-tensioned 


design was based on the Freyssinet 
ternal vibration (9000 rpm) and a workability 


agent. 


Standard specifications for prestress- 

ing steel (in Dutch) 

4. 8. G. Brueceiine, Cement 

24, 1958, pp. 966-968 
Reviewed by 


No. 23 


Amsterdam 


Joun W. T. Van Erp 


tevised preliminary specifications cover 


high strength wire up to 0.11 sq in. cross- 
sectional area. Various methods of testing 
are prescribed and their purpose explained. 
As prestressed concrete has been extensively 
number of considerable 


used for a years, 
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experience has been accumulated and most 
instructive are cases of failure or near failure. 
One item of great importance is the occur- 
of longitudinal cracks the 
particularly dangerous near anchorages. 


wire, 
To 


detect these, specifications are used to pre- 


rence in 


scribe a torsion test. This was eliminated as 
being inadequate and instead an acid etching 
test has been substituted. Tests for creep, 


relaxation, proportional limit, yield point, 


ete., are described and critically analyzed. 


Application of prestressed concrete 
shells to the new fair in Belgrade (Die 
Verwendung von Schalen aus vorges- 
panntem Beton an der neven Messe in 
Belgrad) 


MiILan Kraric 
No. 8, Aug. 1958 


Der Bauingenieur 
pp. 299-301 
R 


teviewed by 


Berlin \ 33 


Anon L. Mirsky 


for 


industry, is 


of 


ro fed 


the 
with 


intended exhibition 
light 
nonintersecting 
shells 


48 x 48 m in plan, 9 em thick increasing to 


Structure 
products of 
doubly-curved 


two pre- 


stressed (spherical, 56.2 m_ radius, 


20 em at the edges). Analysis of prestressing 
is briefly covered. 

Effect of creep upon redundant re- 
actions in continuous prestressed con- 
crete beams 

K. SAFEED-Up-pIN and A. 8S HAL. Magazine 


cre Research London \ 10. No. 30. Nov 
pp. 109-114 


of Con 
1958 


AvuTHOoRS' SUMMARY 


The 


statically indeterminate prestressed structure 


redundant reactions induced in a 
by the use of a nonconcordant tendon dimin- 
ish as the prestressing force decreases with 
time. This effect is not investigated. 

The possibility exists that the redundant 
of 


A theory is ad- 


reactions may decrease independently 


variation in cable force. 
vanced in which the variation of the reactions 
is expressed in terms of the phenomena of 
creep at constant stress and stress relaxation 
at constant strain. 

Using previous data and suggested relations 
between these phenomena, it is predicted that, 
the 
these effects cancel one another. 


for beams constructed in normal way, 

Tests on two-span beams support the pre- 
dicted variation of reaction, and thus tend to 
confirm the assumed relation between creep 


and stress relaxation. 
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An investigation into grout mixes and 
the use of radioisotopes to determine 
the efficiency of grouting 
V. R. BoarpMan, reprinted from Third International 
Congress, Féderation Internationale de ls »récon- 
trainte, 1958, Session II, Paper No. 1, by National 
Building Research Institute African Council for 
Scientific and Industrial Research, Pretoria, 13 pp 
AUTHOR'’s SUMMARY 


South 


teviews the properties required of grouts 
for use in prestressed concrete structures, the 
current the effect 
of the length of mixing period on the efficiency 


methods of testing, and 


as part of the structure. Corrugated or in- 
dented sides for prestressing ducts are adyo- 
The efficiency of 
grouting 


cated to enhance the bond. 


various methods of are being in- 


vestigated with the aid of radioisotopes 


Properties of Concrete 


Measurement of consistency and vi- 
bration characteristics in fresh con- 
crete (Die Messung von Steife und 
Rittelwilligkeit bie Frischbeton) 
a Berlin), V. 33 


Reviewed by 


Franz Pitny 
May 1958, py 


No. 5 


Arnon L. Mirsky 


Theory, design, and application ol appa- 
ratus for the determination of the character- 
of fresh Emphasized 
apparatus for measuring the time of efflux 


istics concrete. are 
of a 4 kg mass of fresh compacted concrete 
from a vibrated funnel, and a device for deter- 
mining compaction (consolidation) of a mass 
a container under vibra- 
There 18 
literature references given, all in 


of fresh concrete in 


tion as a function of time. are 


German. 


Concrete in the field of radiation 
protection (Beton in der Strahlenschutz- 
technik) 
Tromas JAEGER 
1957 17 I22 


217-222 
pp. 69-72, 101-108 


Atomkern Energie (Munich); No 
338-344; No. 2-4 


6-9 
255-262 1958 
144-148 
Reviewed by Frirz Kramriscu 
The six articles discuss the most important 
factors that occur in connection with nuclear 


of concrete to act 
effects. The 


author stresses the point that the shield is 


radiation and the ability 


as shield against dangerous 


not just a simple adjunct but an important 
part of the whole project, and that its con- 
thickness 
to satisfy 


sistence and should be designed 


carefully 
Although 


the required purpose. 


mainly American and_ British 
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sources of information are used, a consider- 


able number of German, Russian, French, 


and other publications are listed also. Every 
article of the series is accompanied by an 
extensive bibliography on the treated subjects 
and the whole series seems to represent quite 
a complete treatise on the subject at the 
present state of knowledge. 

The series is divided into 3 chapters: (1) 
physical elements of radiation protection, 


(2) computation of radiation attenuation, 


and (3) the use of concrete as material for 
protection from radiation. 

Chapter 1 deals with the physical back- 
ground and the various characteristics of 
neutron and gamma radiation and discusses 
their emission, penetration, capture, diffusion, 
photoelectric adsorbtion, Compton effect, 
pair production, etc. 

Chapter 2 explains the various factors in- 
volved in the attenuation of radiation and 
their evaluation with regard to distance and 
forming of heat and 


shield due to the 


section in the 


cross 
stresses in the concrete 
influences of temperature. 

Chapter 
composition of the concrete mix and to the 


3 is devoted especially to the 


special characteristics that are required to 
improve its resistance to radiation, such as 
its hydrogen content; the use of special ce- 
ments; ordinary or heavy special aggregates, 
economical considerations 


and influencing 


their selection, mixing, transporting and 


placing; research, and examples of existing 
installations. 


Suggested definition of required con- 
crete qualities (Ein vorschlag zur Her- 
stellung von beton mit festliegenden 
gueteeigenschaften) 


Daum, Zement und Beton 


JosErF 
May 1958, pp 


Vienna), No. 12 
13-16 


Reviewed by Fritz Kramriscu 


Suggests the development of certain index 
characteristics which will produce concrete 
of required quality. The following selection 
is made: modulus of rupture, type of cement, 
aggregate, 
ratio, type of compaction, and minimum 
weight of the compacted fresh concrete. If 
each group is properly defined and coded, 


classification of water-cement 


such a series of characteristic values could 
provide a positive description of the desired 
concrete qualities. 
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Effect of fineness of cement and ad- 
dition of gypsum on the durability of 
concrete 


4. A. GoRDEEV 
1959, pp. 21-22 


Beton i Zhelezobeton (Moscow), Jan 


Reviewed by D. Warsrern 


The resistance of harsh concrete mixes to 
weathering was studied by means of 10 in. 
cubes subjected to freezing and thawing. 
The durability was determined by observing 
the reduction in compressive strength follow- 
ing 200, 300, and 1000 cycles of freezing and 
thawing. 

It was found that the durability of concrete 
was better for cements with a low C;A con- 
tent (C;A 5 percent), than for cements 
with C;A 2 8 As the specific 
surface of the cement increased from 3900 
to 4700-5000 sq cm per g with the 
addition of optimum amount of gypsum, the 


percent. 
and 


durability of the concrete increased, particu- 
larly for those containing cements with the 
higher content of C,A. 

The 
cement depends on the mineralogical compo- 
sition of the clinker and the fineness of the 


optimum gypsum content in the 


cement. 

It was concluded that cements with a high 
C,;A content can be used widely for structures 
subjected to severe weathering when the 
mineralogical content, gypsum content, and 
the fineness of the 


cement are properly 


adjusted. 


characteristics on 
A symposium 


1959, 74 


Effects of concrete 
the pulse velocity: 


Bulletin No. 206 
pp., $1.60 


Highway Research Board 


“Evaluation of 
Made by 
Sturrup; “Application of 


Contains nine papers: 
Pulse Velocity Tests 
Hydro,” by V. R. 
Pulse Velocity Tests to Several Laboratory 
Studies of Materials,’ by K. B. Woods and 
J. F. MeLaughlin; Pulse 
Velocity Tests,’ by Bailey Tremper; “Eight 
Years of Pulse Velocity Tests on Concrete 
Pavements in Kansas,’ by Richard C. Meyer; 
“Effect of Certain Variables on Pulse Veloci- 
R. E. Bullock 


Use of the Soniscope 


Ontario 


“Evaluation of 


ties Through Concrete,’ by 
and FE. A. Whitehurst; “ 
by Concrete Division, U. 8. Army Waterways 
Experiment Station,” by Mather, 
E. E. McCoy, E. C. and J. H. 
Sanderson; “Appraising the Quality 
Performance of Concrete by Pulse Velocity 


Bryant 
Roshore 
and 
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Measurements,’ by R. W. Spencer and B. R. 
Laverty; “Effect of Variations in Mix Design 
or Curing Conditions on a Pulse Velocity- 
Strength Relationship,” by E. A. White- 
hurst; “Evaluation of Pulse Velocity Tests 
Made with Portland Association 
Soniscopes,”’ by Calvin C. Oleson. 


Cement 


Deterioration of reinforced concrete 
structures under coastal conditions 


S. Havetreap, and L. A. Woopwortn, Transactions, 
South African Institution of Civil Engineers 
Johannesburg), V. 5, No. 4, Apr. 1955, pp. 115-134 

Reviewed by D. G. NormMan 


Natal 
laboratory ex- 


Surveys damage in structures on 
South Coast describes 
that 


caused by differences in salt concentrations 


and 


periments. Concludes corrosion — is 


This coast has one of the worst corrosion 


environments in the world. 


Strength and elastic properties of sand- 
lime concretes in compression 


V. N. Gusaxov, Beton i Zhelezobeton (Moscow Jan 
1959, pp. 25-29 


Reviewed by D. WarsTrern 


An extensive study of the properties of 
carried 
out in the Institute of Structural Technology. 
The compressive strengths ranged from 2100 
to 5700 psi. 
the concretes 


autoclaved sand-lime concretes was 


The compressive properties of 
were determined with 5-, 7-, 
10-, 15- and 20-cm cubes and 20 x 20 x 80-cm 
prisms. The binder was quicklime with an 
addition of 5 percent of gypsum by weight 
of lime. The quicklime was interground in a 
ball mill with an equal weight of sand; the 
specific surface of the blend was 3000 to 3500 
sq em per g. The proportion of the blend 
in the mix ranged from 20 to 35 percent of the 
total. 


hr. The time to reach a pressure of 8 atmos- 


The present time of the mix was 2-4 


pheres in the autoclave was 2 hr and the 
pressure was maintained for 8 hr. 

The compressive tests of the cubes indi- 
cated that the strength did not increase with 
the reduction in the dimensions of the cubes, 
conventional This 
can be explained by the fact that in the auto- 
claving process the outer layer of the speci- 
mens, 


contrary to concretes. 


about 2-5 em thick, develops about 
25 to 30 percent less strength than the inner 
core. 

The ratios of the cube strengths to the 
strengths obtained with prisms were about 
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the same as the values observed for con- 
ventional concretes. 

that the modulus of 
elasticity increased significantly with com- 
pressive strength up to about 3500 psi. The 


rate of increase of the modulus was retarded 


It was observed 


above this strength and became negligible 
in the range of 4200 to 5700 psi. The values 


of Poisson's ratio were also determined. 


What do we know about plastic de- 
formation and creep of concrete? (Que 
savons-nous de la déformation plasti- 
que et du flauge du béton?) 


R. L’'Hermire, Supplement to Annales de l'Institut 
Technique du Batiment et des Travaux Publics 
(Paris), No. 117, Sept. 1957, pp. 778-809 

Reviewed by Henri Perrin 


Presents a thorough study of creep and 


plastic deformation of concrete. Tests are 
described along with the conclusions drawn 
from other sources. 

The author also presents his own theory, 
however, it is restricted by the many variables 
involved. 


An extensive bibliography com- 


pletes a paper full of new information. 


What do we know about plastic de- 
formation and creep of concrete? (Que 
savons-nous de la déformation plasti- 
que et du fluage du béton) 


Supplement to Annales, Institut Technique du Bati- 


ment et des Travaux Publics 


Paris), V. 12, No. 134 
Series 52, Feb. 1959, pp. 219-248 (including discussion 
AuTHORS'’ SUMMARY 


A symposium. Mr. Mamillan reports test 


results. In creep under compression observed 
in concrete test samples, a relation has been 
established between deformations still to be 
The 


same effect is noted in the stress-creep rela- 


completed and the duration of loading. 


tion, except in the case of high load stresses 
(the age of the loading is important only in 
cases where loading occurs under dry con- 
Variations in 
effect on the 
creep 


ditions at less than 28 days). 


humidity have a significant 


development of creep. In cases of 
under tension, shrinkage would appear to be 
the predominating factor. 

The report from the Laboratoire Public at 
Casablanca concerns observations of a 
structure and of test samples. 

Mr. Delarue sets forth an explanation of 
creep derived by analogy from the theory 


of consolidation in soils mechanics and gives 
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results of tests, and particularly of progressive 
loading tests on specimens. 

Mr. Lazard places emphasis on dispersion 
in test results and expresses the wish that 
these phenomena be studied by the use of 
sets of many similar test pieces (nine, for 
example). He also expresses a wish that load 
testing be performed on green specimens sub- 
jected to relatively high stresses and that the 
stress-creep relationship be checked for 
various loads. 

Mr. Carpentier gives a report on recent 
observations made on the viaduct at Lessart. 
Variations in deformations at the same point 
of the arch seem to be principally conditioned 
by shrinkage, itself a close function of at- 
mospheric conditions. 

Messrs. Vallette and Kahn give an account 
of their observations of various structures: 
bridges and cooling towers, and a discussion 
on the possibility of recording creep in struc- 
tures and comparing the findings with labo- 
ratory test results. 

The general discussion is chiefly devoted 
to the following points: Does the size of 
affect 
Is creep a temporary or a permanent 


test specimens the phenomenon of 
creep? 
condition? Test samples do not lose water, 
but is it possible to explain creep in terms 
of physical and chemical changes in the water 


on the inside of the specimen? 


Influence of the grain size of fine 
aggregates on liability of concretes to 
frost damage 
Wattuer, Bulletin, (RILEM) International Asso- 
ciation of Testing and Research Laboratories for 
5 and Structures (Paris), No. 41, 1958, pp. 
A brief report on tests that showed the 
harmful 
the aggregates on the frost resistance of the 


influence of the finest elements in 


concrete. The fines considered were those 
in the sand where grain size varied from 0 


to 3 mm. 


Experiments on concrete bars: Freezing 
and thawing tests 
Erik Trupso, Progress Report K2, Committee on 
Alkali Reactions in Concrete, Danish National Insti- 
tute of Building Research and Academy of Technical 
Sciences, Copenhagen, 1958, 39 pp., 12 D kr 
Describes freezing and thawing tests on 
10 x 60 em) of 31 
different mixes, partly simulating the mixes 


66 concrete bars (10 x 
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used for three projects which had shown 
serious disintegration. A detailed description 
is given of the tests methods; the method of 
measurement is explained together with the 
procedure for calculation of the ‘‘mean dur- 
ability factor.” Relationship of aggregates 
to durability is discussed and the aggregates 
tested are compared. 


Bondings between cement and aggre- 
gate and their behavior in frost 


J. Farran, Bulletin, (RILEM) International Asso- 
Research Laboratories for 


Paris No. 40, 1958, pp. 


ciation of Testing and 
Materials and Structures 
> 


2 
13.97 


Report is concerned with the influence of 
frost on cement-aggregate bond. In a con- 
crete subjected to frost the behavior of cement 
aggregate bonding is closely dependent on 
the nature of the materials in contact. 
Those that lead to epitaxic adhesions make 
giving 
In adhesions by simple roughness 


for intimate contact, excellent be- 
havior. 
those are the most usual—the best resistance 
of the bonding seems to appear when the 
cement does not deposit automorphous 
crystals on contact with the aggregate but a 
gelatinous coating in which a fine crystalli- 


zation subsequently develops. 


Concreting in cold weather (in Serbian) 
C. Rasic, Nake Gradevinarstvo (Belgrade V. 12, No 
10, Oct. 1958, pp. 240-243 

Reviewed by J. J. PotivKa 
effects of weather on 


properties of concrete, 


cold 


especially of 


Reviews the 
rein- 
forced concrete, when the temperature at the 
falls 30-40 F. 
Protective measures and precautions, which 


point of placement below 


prevent serious damage, are described. 


Selection of special materials are recom- 


mended, when such weather conditions can 


be foreseen 


Study of the influence of the nature of 
cements on the resistance of concretes 
on cycles of frost and thaw 
J. Cuarerrie, Bulletin, (RILEM) International Asso- 
ciation of Testing and Research Laboratories for 
Materials and Structures (Paris), No. 40, 1958, pp 
29-102 

The test results given seem to show that 
portland slag cements, which are characterized 
by the lime in the 
hydrated phase, make it possible to make 


absence of hydrated 


concretes having a better resistance to freez- 
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ing and thawing cycles than portland cements. 
The that this 
difference in behavior has its origin in the 


author attempts to show 
structure of the hydrated phase of the port- 
the 


presence of large crystals of hydrated lime. 


land cements which is characterized by 


The author takes exception to some of the 
the to 
explain the resistance of concretes to freezing 


theories accepted at present time 
and thawing cycles. 
the 


of 


He questions the cor- 
of the 
occluded 


relation between improvement 


frost resistance concretes and 


air content. 


Frost resisting concretes—Results ob- 
tained by the Alps Il Hydraulic Equip- 
ment Region 
Ortn, Bulletin 


of Testing and 
and Structures 


RILEM) International 
Research Laboratories for 


Paris), No. 41, 1958, pp. 3 


Association 
Materials 
-H5 

in checking 
Factors 


teviews 12 years of activity 


the frost resistance of concretes 
discussed include cement, batching of cement 
and water, form of aggregate particles, ad- 
hesion, differential dilations, grain size, and 


maximum -diameter of aggregate 


Structural Research 


Investigation into the cause of cracking 
in a reinforced concrete silo containing 
cement 

R. E 


208) 


Apr 


Unpublished Techni 
and Associat 
18 pp 


TRA 


ym (London 


LOWE 
Cement 
1958. 


al Report 


Concrete 


AvuTHoR'’s SUMMARY 


series of tests earnied out to 


of 


Describes a 
the 
forced concrete 


determine cause cracking in a rein- 
silo used for storing cement 
The tests covered the location of the steel 
the of the 
laps in the horizontal steel, the pressures 
the 


differential through the walls. 


reiniorcement and measurement 


exerted on walls, and the temperature 


The cause of cracking was a combination 
of the effects of of that 
designed for large temperature differentials 


pressure in excess 
through the walls of the silo, and a deficiency 
in reinforcing steel. 

From the results obtained it is clear that 
Janssen’s theory for the pressure exerted by 
granular materials on the walls of a container 


An 


method of determining the pressures, based 


is inapplicable to cement alternative 
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on the experimental results, is suggested. 
The differential the 
walls was about 33 C during the tests and 


temperature through 
indicates that this factor must be considered 
in the design of a cement silo. 

Finally the need for further tests on actual 
cement silos is stressed so that a more realistic 
method of design can be prepared. 


Considerations on the breaking of 
reinforced concrete caissons under 
bending moments (in Rumanian) 


M aterialelor 
1958, py 


Industria Constructiilor 
Bucharest), V. 10 


I. Frmon 
de Constructti 
594-601 


si a 


No. 12 


Reviewed by J. J. PottvKa 


Structure was lightly reinforced and con- 
sequently damages occurred in places having 
maximum bending moments. Tests were 
carried out on three caissons and their results 
were compared with the theoretical analyses 
It was proved that the failure was due to 
of the 


and the manner of 


insufficient reinforcement 2-in. slabs 
(framed in 2 x 5-in. ribs 


its placement 


On the bearing capacity of a concrete 
wall and of a centrally reinforced 
concrete wall (Betoniseinan ja kes- 
keisesti jaykistetyn terasbetoniseinan 
kantokyvysta) 


Kyosti 
V. 14, No 


Rakennusinsinééri Helsinki 
1958, pp. 106-111 
Reviewed by 


ANGERVO 
9, Sept 
Beato Kevopvt 
Experiments were conducted to determine 
the bearing capacity of a plain concrete wall 
The 
investigations relate to the biaxial state of 
The test 
story height having a thickness of 12 cm; the 


and a centrally reinforced concrete wall. 


stress. members were columns of 
bearing capacities of the columns were de- 


termined, using a buckling length of 3 m 
Furthermore, low-test prisms of size 12 x 12 
x 36 em were tested under compressive load 
to determine the stress-strain diagrams of the 
Three of the high-test 


had no reinforcement, while the other three 


concrete. columns 
columns were centrally reinforced with plain 
steel bars. The concrete had a average cube 
strength of 270 kg per sq cm 

Study 
that the 
close fit 


on completion of the test revealed 


stress-strain diagrams show a rather 
with the square parabola presented 
Furthermore, a theoretical 


by Brandtzaeg. 


study relating to unreinforced concrete col- 
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umns showed that it is appropriate to deter- 
mine the buckling strength of a concrete col- 
umn, using Engesser’s first buckling formula. 
The dispersion of the values was compara- 
tively low in this study, and all experimental 
results remained on the better side of the 
theoretical’ values calculated in this manner. 
If the deformations are taken 
into account and the buckling stress is cal- 
culated in 


permanent 


accordance with Engesser-Kar- 
man’s formula using a square parabola for 
the stress-strain diagram, the results obtained 
are also favorable. 


The test 


reinforced concrete columns 


results obtained with centrally 
are slightly in- 
ferior to those derived from the unreinforced 
columns. In the author’s opinion this is due 
to the error committed in the centering of the 
applied load which was less in the tests with 
the unreinforced concrete columns than with 
the centrally reinforced concrete columns in 
which a slight deviation of the reinforcing 
inserts from the geometric axis of the column 
causes a displacement of the elastic axis of 
the column affecting the test results. 

Finally, a test based on the foregoing re- 
lating to the buckling values and using the 
Finnish specfications for concrete and _ rein- 
forced concrete was performed. 


Arching action in reinforced concrete 
slabs 


A. J. Ocxieston, The Structural Engineer 


London 


V. 36, No. 6, June 1958, pp. 197-201 


Reviewed by C. P 


Sress 


Arching theory offered as rational explan- 
ation of excessive load capacities observed in 
tests of slabs in building at Johannesburg 
(See The Structural Engineer, Oct. 
304 ). 
itative, it seems capable of explaining the 


1955, p 


Although the theory is primarily qual- 


resu!ts of the tests in terms of the compressive 


membrane stresses induced by restraints 


from adjacent panels. 


Effects of research on modern Ameri- 
can structural concrete design 


E1ivinp HoGnestap, Proceedings, ASCE, V. 85, ST5, 


May 1959, pp. 1-9 
AUTHOR'’s SUMMARY 
The organization and the nature of recent 
structural United 


tesearch approaches 


concrete research in the 


States are outlined. 


used in the past resulted in substantial design 


improvements. The need for a shift from 
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applied to basic research in the future is 
stressed. A_ bolder 


course in future research seems necessary to 


and more imaginative 
provoke the radically new ideas needed for 


future improvements in concrete design. 


Ribbed reinforced concrete slabs with- 
out topping—Theoretical and experi- 
mental study (in Hebrew) 


S. Rosennaurr and L. Wuter 
Building" Bulletin No. 59, Technion 
of Technology, Haifa, 12 pp. 


In the Field of 


Israel Institute 


AUTHORS’ SUMMARY 


As part of 
of floors and flat roofs for housing projects, 


a study of economical designs 


full-size model tests were made with a new 
type of cast-in-place floor, derived from the 
ordinary ribbed slab by omitting the usual 


2-in. concrete topping over the filler block 


General 


1958 book of ASTM standards 


The 1958 Book of ASTM 
published in ten rather 


Standards was 
than the 
The increase in 


parts 

usual seven of recent years. 
number of parts was necessitated by a growth 
in size of individual parts to the point where 
they could no longer be bound ecomonically 
Each 


part is complete with a detailed subject index 


and were becoming unwieldy in size. 


and a list of standards in numerical sequence 
To keep the book up to date, supplements 
will be issued to each part late in 1959 and 
1960. 


Part 1—Ferrous metals (specifications) 


American Society for Testing Materials, Philadelphia 
Jan. 1959, 1560 pp., $12 


290 standards Of 
interest to JouRNAL readers are the 11 speci- 


Contains particular 


fications for concrete reinforcing steel. 


Part 4—Cement, concrete, mortars, road materials, 
waterproofing, soils 


American Society for Testing Materials, Philadelphia 
Dee. 1958, 1458 pp., $1 


Contains 338 standards covering cement, 
lime, gypsum, magnesium oxychloride and 
oxysulfate cements, masonry mortar, chem- 
aggregates, 
concrete, materials for curing concrete, bitu- 


ical-resistant mortars, concrete 


minous road materials, nonbituminous road 


materials, soils, bituminous materials for 


roofing and waterproofing. 
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Application of gamma radiography 
to concrete 


J. A. Forrester 


J. The Engineer (London), V 
No. 5327, Feb. 28 


1958, pp. 314-315 
Reviewed by 


205, 


Aron L. Mirsky 


Article covers fundamentals of gamma 
radiography and, with the aid of seven radio- 
graphs, the of 
for determining the 


location and condition of reinforcing bars, the 


demonstrates application 


cobalt-60 radiography 


condition of concrete (honeycomb, cracking, 


poor grouting around prestressing wires), 


and the effect of vibration on the movement 
The of this 
nondestructive, relatively inexpensive method 


of aggregate particles. future 


of quality control in the concrete and concrete 


products industry appears bright indeed 


Relationship of the architect and the 
structural engineer 


The 
Nov 


CHACKETT 
No. 11 


Leatie A 
den), V. 35 


Structural Enginee Lon- 


1957, pp. 420-424 
AUTHOR § SUMMARY 
Outlines the status and conditions of en- 
gagement, the of 
refers to the scales of charges for the arch- 


and codes conduct, and 
itect, structural engineer and consulting en- 
gineer, respectively. Consideration is given 
to the types of project on which the architect 
requires the collaboration of an engineer and 
to the various methods by which expert ad- 
vice on structural matters can be obtained 
in respect of sites, foundations, framing, floors, 
cladding, ete. Advantages and disadvantages 
of each method of collaboration are considered 
from the point of view of the client in respect 
to efficiency and economy, and suggestions 
made as to the many items on which the arch- 
itect and engineer, in collaboration with the 
quantity surveyor, can combine to give the 
best professional services to the client from 
the earliest stages of the project up to the 


certification of final accounts. 


International Association for Bridge 
and Structural Engineering Publications 


International 
Engineering, V. 17, 


Bridge and Structural 
268 pp (published by 
1958 
Tue Srrvucrurat 


Association for 
1957 

Verlag Leemann, Zurich 
ENGINEER 
Jan. 1959 


The 


contains 15 papers. 


of Publications 


The following are among 


seventeenth volume 
the papers included in this volume: impact 
resistance on prestressed concrete Masts; a 


general theory of deformations of membrane 
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shells; theory of prismatic folded plate struc- 
tures; influence surfaces for moments in slabs 
continuous over flexible cross beams; stress 
and strain in thin shallow spherical calotte 
shells; shear buckling of a web reinforced by 
vertical stiffeners and a central horizontal 
stiffener; and lateral buckling of beams with 


single connections. 
Some new data on demolition 
No. 12, Dec. 1958, pp. 5-7 


Recent Stanford Research In- 
stitute, primarily directed toward learning 


Concrete Construction, V. 3 


studies at 


more about high explosives phenomena to 
aid military operations, have lead to new 
formulas and techniques for blasting concrete, 
cutting steel, and breaking up wood. 
Explosion phenomena are discussed briefly 
as well as the factors included in formulas 
used to determine the amount of explosive 
to use to destroy a concrete wall, 


pier, or 


beam. 


Cement and concrete (Zement und 
Beton) 


50th 
Dee 


anniversary Austrian Concrete 


1957, 130 pp. 


issue Society 


Reviewed by : a Po! IVKA 


illustrated the activity 


the Austrian Concrete Society 


Amply report on 
of 


complishments of their members during this 


and ac- 
of the use of rein- 
going back to 
1890 when the Melan type of bridges were 
tested. 


period. Historic review 


forced concrete in Austria, 
Many examples demonstrating tech- 
nical progress in all fields of reinforced, pre- 
cast, and prestressed concrete are illustrated 
(buildings, bridges, 


dams, roads, bins, pipes, 


etc. ). 


A study of floor and roof systems 


Building Construction Illustrated, V. 25, No. 6, Dee 


1958, pp. 29-54 


A special section to describe 
briefly and illustrate various floor and roof 
illustrated flat 
plate and ribbed slabs; prestressed slabs; lift 
slab; 


slabs; 


compiled 


systems. Types include: 


precast concrete joist-slab; precast 


concrete deck-insulation; composite 
concrete and steel; concrete over steel mesh 
or lath and light steel frames; concrete over 
fiber, paper, and lightweight concrete forms; 
tube forms, concrete masonry as filler units, 


concrete masonry stressed bowstring arches, 
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thin shell concrete, hyperbolic paraboloids. 
Other 
flashing, and expansion joints. 
that 


systems, 


topics covered: shores and forms, 


Tables are 
floor 
transmission 


also included compare various 


framing give sound 


loss, and present cost data 


Future of monolithic concrete in con- 
struction (in Czech) 
E. Hrvpan, Architekture CSR, V. 17, No. 8, Aug 


1958, pp. 355-358 


Reviewed by J. J. PotivKa 


illustrated discussion on recent 


developments 


Amply 


and characteristics of some 
modern concrete structures, such as: Podolsko 
(the 


Europe ’ 


central 
a Berlin Skyscraper, Frank Lloyd 


bridge longest arch span in 
Wright's research tower in Racine, Wis., and 
Brno. 


space structures in reinforced and prestressed 


F. Lederer’s dome in Other typical 


concrete are given with comments on the 


ideas and possibilities of future progress. 


Review of the eleventh general meet- 
ing—Japan Cement Engineering As- 
sociation 
Japan Cement Engineering Association, Tokyo, 1958 
94 pp 

A brief summary of the 11th general meet- 
ing of the Japan Cement Engineering Asso- 
ciation held in Tokyo in May 1957. 
are presented for 79 papers which covered 


Synops*s 


various aspects of cement and concrete ex- 


tending in subject matter from cement 


chemistry to structural design and con- 
struction. 

It is hoped by the reviewer that all of the 
reports summarized here will be published in 


full at a later date. 


Assembly-line precasting speeds con- 
struction of Mississippi River model 
and Engineers, V. 65, No. 5, May 1959 


Contractors 
pp. 28-33 


The U. S. 


constructing a small scale working model of 


Army Corps of Engineers is 


the Mississippi River and its major tribu- 


taries. This is the largest working model in 
the world and will take up some 200 acres 

Due to the reduced scale an accuracy of 
1/64 in. 
uniformity a new precasting technique was 
derived in 1952. 


is required. To better insure this 


This development took the 
work inside and put it on an assembly-line 
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Individual blocks 10 x 15 ft 
cast inside and are then placed into position 


basis. are pre- 


outside by a crane. 


Capping test cylinders 
W. C. Rew, Concrete Construction, V. 4, No. 4, Apr 
1959, pp. 11-13 
With the cylinder now almost universally 
accepted as the daily yardstick of concrete 
quality, proper capping is a matter of vital 
This article deals in details with 
The author 


cylinders 


interest. 
some important fundamentals. 
emphasizes that in making and 
capping, there is no substitute for a workman- 


like job. 


Sewerage and sewage treatment 
Haroip E 
Edition 
790 pp 


Bapesrrr and E. Roserrt Baumann, 8tl 
John Wiley & Sons, Inc., New York, 1958 


$10.75 


Changes from the seventh edition are 
scattered throughout the text; all chapters 
show effects of review and reconsideration and 
updating. Easily observable additions in- 
clude copious references to the literature 
The chapter on industrial waste has been 
revamped by placing industrial processes in 
alphabetical order and by the addition of 
some processes. Some of the discussion on 


construction has been shortened 


Mechanics. Part!: Statics 

J. L. Mertam, 2nd Edition, John Wiley & Sons, In 
New York, 1959, 393 pp., $5 

Mechanics. Part Il: Dynamics 


J. L. Meritam, 2nd Edition, John Wiley & Sons, In 


New York, 1959 4120 pp., $5 


This two volume work has undergone con- 
siderable revision. About 50 percent of the 
problems have been replaced with new prob- 
lems. In both volumes a chapter on vector 
methods has been added so that the notation 
of vector algebra and vector calculus may be 
emploved if desired. 

In Part I the treatment of fluid statics has 
been completely rewritten and the topic is 
introduced from the three dimensional aspect. 
Another change is the deletion of the chapter 
on beams and its replacement by articles 
dealing with beams in the chapters on struc- 
tures and distributed forces. 

Part II incorporates many changes designed 
to present a arrangement of 


more logical 


topics and a more direct approach. 
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La 12a Junta Regional 
del Instituto Americano 
del Concreto 


La 12a Junta Regional del Instituto Americano 
del Concreto se verificaré en la ciudad de México 
del 2 al 5 de Noviembre en la Ciudad Universitaria. 
Los hoteles de residencia de los visitantes seran: 

Hotel Continental Hilton—Paseo de la 

Reforma #166 

Hotel Del Prado—Ave. Juarez #70 

Para cualquier informaci6n adicional dirijase al 
comité organizador de la Junta Regional 1959 en 
México D.F. del Instituto Americano del Concreto 
(American Concrete Institute). 

Torre Latino 

10-99-03 


Americana—Piso 25—Teléfono 


If by chance you do not “comprender el Espanol”’ 
the above announcement was recently released 
by the Mexico City local planning committee 
verifying plans for the ACI 12th Regional Meeting 
to be held in Mexico City, November 2-5. Techni- 
cal sessions will be conducted at University City. 
Hotel reservations are available at: 
Hotel Continental Hilton—166 
Reforma 
Hotel Del Prado 


Paseo de la 


70 Juarez Ave. 


Technical program 
The international scope of Institute activities is 
reflected in the bilingual technical program featur- 
ing outstanding concrete authorities from Cuba, 
Mexico, and the United States. Approximately 20 
papers based on concrete problems and construc- 
1 
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ization papers. 


Mexican tourist card: 





Documents required for entry into Mexico 


Proof of citizenship: birth certificate, voter’s registration card, passport, or natural- 


($3) obtainable from most travel agencies, any Mexican 
Consul, or issued at the time you cross the border. 


Smallpox vaccination certificate: not more than 3 years old, showing type of reaction. 








tion techniques of prime importance in 
Mexico and southwestern United States will 
be presented at five technical sessions de- 
voted to quality of concrete; reinforcement; 
concrete structures; concrete shells; and pre- 
casting. 

Tentative subjects scheduled for the tech- 
nical program include the design and construc- 
tion of concrete shell structures; foundations 
for buildings with emphasis on the condition 
of compaction or subsidence; design of con- 
and 
aggregate, cement, and the proportioning of 
concrete mixes. 


crete structures to resist earthquakes; 


Join us in Mexico City 

Today, Mexico City, a modern, cosmopoli- 
tan city with a population over 4 million, still 
maintains the charm of years gone by. As 
you drive along the broad avenues many of 
your preconceived ideas of Mexico will begin 
to change. 

Mexico City is as modern and bustling as 
any up-and-coming American city, yet beside 
the most ultramodern building may stand a 
centuries old church. In front of fashionable 
shops displaying the latest Paris styles, you 
may see a ragged peasant with his burro, 
going to market just as his countrymen have 
done for centuries. These contrasts provide 
part of the unique quality of Mexico. You 
will be impressed by the multitude of new 
office and apartment buildings, homes, and 
plants under construction. 

If you have time to include a little sight- 
seeing in your Mexico City trip, you will 
enjoy visiting Xochimileo, the Venice of 
Mexico, flower-decked glide 
through beautiful tree-bowered canals. You 
will want to visit the beautiful Chapultepec 


where boats 


Alberto Na- 


cional de Mexico, is general chairman of the 


Dovali Jaime, Universidad 
local planning committee with Adolfo Zee- 
vaert, consulting engineer, serving as secre- 
tary, and Antonio Robles, de Cemento Mix- 


coac, treasurer of the group. 


In addition to the technical sessions, the 
progam includes a “kickoff’’ party on Monday 
and 


evening, November 2; a dinner-dance 


reception; sightseeing tours; and a special 
ladies’ program, details of which will be pub- 
lished next month. 


Castle, which is now an historic museum, as 
well as the Pyramids of the Sun and the 
Moon, the great cathedrals, the Street of 
Silversmiths, and the Fine Arts. 
You'll find happy hunting grounds for shop- 


Palace of 


ping in the native markets displaying silver, 
tin, and copper ware along with pottery, 
basketry, and textiles. Individuals are al- 
lowed a $200 duty-free United States allow- 
ance on purchases made in Mexico. 

Join us in Mexico City, November 2-5 for 
the ACI 12th Regional Meeting. Hasta la 


vista. 


Cleveland Engineering Society 
schedules annual conference 

The Cleveland Engineering Society has 
scheduled their eighth annual conference for 
Cleveland Engineering 
and Scientific Center on Nov. 23, 1959. 
“Construction for the ’60’s’’ is the theme of 
the conference which is expected to draw 
more than 600 construction men from Ohio 
and surrounding states. 


construction at the 
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Precast Concrete for Monorail 


@ ONE OF THE MOST EXACTING large-scale concrete precasting operations 
anywhere was required for the new monorail system installed at Disneyland, 


Anaheim, Calif. 


The project called for the manufacture of 240 precast concrete units, 120 


beams and 120 columns. 


It entailed the casting of twisting, curving concrete 
beams 40 ft long with a maximum surface tolerance of 4 in. 


and with end 


tolerances so close that when placed end to end atop the supporting columns, 
the beams form a continuous 3830 ft long track with no more than %4 in. 


separation between any connecting sections. 
pansion and contraction of the concrete. 


The monorail is part of the $5 million-plus 
development recently added at Disneyland. 
The entire development, which also included a 
submarine ride housed in a massive under- 
ground rigid 145-ft 
model of the Matterhorn, and redesigned 
autopias, combined to make a major con- 
struction project. 


concrete frame, scale 


This 4/5 mile “concrete railway in the sky”’ 
consists of girders which 


serve as track, carrying beam and guide rail, 


precast I-section 
all supported by precast concrete columns 
resting on piles 25 ft deep. With the excep- 
tion of a few piers cast in place in the roof 
deck of the submarine cavern structure, all 
columns and beams (including those for the 
400 ft spur line) were precast at the Carbon 
Dubbs Co. plant in Stanton, Calif. The entire 
operation, highly precision work that it was, 
was done on a rush basis to meet the Disney- 
land schedule. 


The Disneyland monorail was designed and 
built according to the principles of the Alweg 
However, the 
twisting banking course with grades up to 
7 percent required somewhat different design 
criteria from that of the Alweg system and 


system in Cologne, Germany. 


created many of the precision necessities in 
designing and forming the concrete units for 
the Disneyland system. 


Each one of the 120 precast girders had to 
be calculated for camber or horizontal posi- 
tion, vertical position (elevation), super- 


The same held 


true for the precasting operation. 


elevation, and range or arc. 


This small gap provides for ex- 


Special forms 

The secret to the casting problem was the 
special forms. The unique shell-like steel 
form could be adjusted to produce curving, 
twisting concrete girders 35 to 40 ft long 
virtually no two of which were identical. 
These forms, and good workmanship, pro- 
duced girders with smooth-flowing lines and 
the extremely close tolerances required. 

The forms were made up in 2-ft sections, 
each section adjustable to fit exacting blue- 
print requirements. A jack under each 2-ft 


Monorail installation, prior to electrical 
hookup, showing the degree and evenness 
of the curves 
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station was adjusted for the desired vertical 
curvature and/or camber. Adjusting screws, 
two on each side at each station, gave range 
Three torsion bars on 
each side of the form, two at the top and one 
at the bottom, also insured the proper curve 
throughout the entire beam length. 


and superelevation. 


The girder forms consisted of two parts, the 
main portion in which the beams were cast 
and a turnover structure used in rotating the 
principal part in and out of the casting pit, 
where the forms rested on casters. In extract- 
ing the girder, the turnover structure was 
rotated to the bottom and the top portion 
swung out to deposit the girder in proper posi- 
tion for pickup and use. All of this was done 
using a 25-ton crane. 

To help insure the close tolerance necessary 
on the top of the beam (on which the drive 
and braking wheels of the monorail cars will 
ride), the top of the beam was cast bottom 
down against an oil-resistant, synthetic rub- 
ber lining. The )y in. thick lining was good 
for 10 to 12 reuses. 

The form manufacturer also perfected an 
instrument which in one operation set the 
girders to the proper camber, elevation, super- 
elevation, and radius, as specified by blue- 
print. The instrument was clamped onto each 
2-ft station the length of the beam and read- 
ings taken on vertical and horizontal gages 
and bubble leveled. 

The beams ranged from 24 ft to 40 ft 6 in. 
long, with most of them 35 to 40 ft long. Five 
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Column top showing the intri- 
cate pattern of reinforcement 


molds were built for the beams, two with a 
35-ft maximum length and three 40-ft forms 
One turnover structure serviced all five forms. 
The I-section beams measure 20 in. wide by 
341 in. deep. 

Height of the precast piers or columns 
which will support the concrete beam track 
vary from just under 6 ft (5.93 ft) to 27 ft 6 in. 
Base for the columns varies from 4 ft 8 in. x 
3 ft 2 in. x 1 ft 3 in. to 4 ft 10 in. x 8 ft 2 in. 
x 1 ft 9in. Six column forms were used 


Step by step production 

Carbon Dubbs Co. turned out the first test 
sections of the precast units in late January. 
Operating the forms on a 48-hr cycle, they 
averaged 5 units (beams and columns) per 


day, 6 days a week, from mid-March until 
precasting work was finished in late April 


The production cycle for a beam began with 
previously fabricated and assembled reinforce- 
ment being placed in the form by a crane, 
which also closed the form. All necessary 
adjustments were made at each 2-ft station 
the length of the form, after which the forms 
were from 


checked by a surveying crew 


Disneyland’s engineering department 
Ready-mixed concrete with a 2'4- to 3%-in. 
slump was placed directly into the forms from 
mixer trucks. Because of its low slump, the 
A 1%-hp 
vibrator was located on the chute from the 


concrete was vibrated heavily. 


mixer to the form, with two 2'4-hp vibrators 


used in the form. Immediately behind the 
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concrete placement, a finisher troweled with 
a wood float. 
finished and the unit was covered by canvas. 


Within 2 hr the concrete was 


In 6 to 8 hr steam curing began. 

Steam curing at from 120 to 140 F con- 
tinued from 12 to 16 hr, with a 2-in. steam 
line running through the casting pits distribut- 
ing heat evenly over the form. A Schmidt 
hammer was used to measure compressive 
strength of the concrete to determine length 
of curing necessary for the desired strength. 
The steam curing was stopped when the ham- 
mer indicated 3500 psi. 

The girder was then ready to be stripped. 
After polishing and grinding it was moved to 
another part of the casting yard for sand- 
blasting. Although close tolerances are re- 
quired for the top surface, there must be 
enough surface roughness to get necessary 
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traction for the monorail wheels. Sandblast- 
ing served this purpose. Units then 
ready to be transported the 4 miles to the 
Disneyland park in nearby Anaheim. 


were 


Concrete and reinforcement 

A concrete mix proportioned for 3500 psi 
at 48 hr and a 28-day strength of 5500 psi 
was used. It was a rich 7%4-sack mix, with 
Pozzolith, and % percent calcium chloride 
added to speed up the setting. 

A great amount of reinforcing steel was 
used in both the columns and beams. From 
1000 to 3500 lb of steel, so dense that microm- 
eter precision was necessary in fabrication, 
were contained in the columns, Gepending on 
their size. Reinforcement ranged from the 
smallest bars to #11’s and was placed in the 
forms as a unit. 
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Typical beam cross section, plan, and elevation indicate intricate design and equally 


difficult casting problems. (Beam in section is shown in final assembly position.) 


An 


imaginary “working point A” | ft above center of beam was used as point from which 
to measure vertical and horizontal position, super-elevation, and radius for each of 


the 120 beams cast. 


Units were cast to tolerance of 2 mm 
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Reinforcement in the beams totalled about 
50 lb per ft with 16 #6 and #9 bars running 
horizontally. Stirrups were #4 bars located 
214 to 4 in. on center on curved and straight 
beams, respectively. 


Credits 

For Carbon Dubbs Co., Don 
superintendent in charge of the precasting 
work. O. A. Budlong was in charge of the 
beams, with Glen Sandburg directing casting 
of the columns. 


tez was the 


Reinforcement cages for both 
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This series of photos shows the operation 
of the special forms used in casting the 
beams for the Disneyland monorail sys- 


tem. (A) Girder was cast upside down 
in unique steel form adjusted at 2-ft 
stations throughout entire length to pro- 
duce curving, twisting girders 35 to 40 
ft long. (B) Forms, in two parts, opened 
up to extract finished precast girder in 
proper position for pickup and erection. 
(C) Emptied form being dropped into 
turnover frame prior to being rolled into 
position for casting another beam 


beams and columns were fabricated by Ceco 
Steel Products Corp. Concrete was batched 
by the Stanton plant of Consolidated Rock 
Products. Inspection was by Twining Labor- 
atories. The special forms were designed and 


built by Leonard’s Precision Products Co. 


John C. Wise, chief engineer at Disney- 


monorail with 
Wheeler & 


A team of Alweg engineers from 


land, designed the system 


structural engineers Gray as 
consultants. 
Germany served in an advisory capacity. 
James I. Barnes Construction Co. was gen- 
eral contractor for erection of the monorail 
system, along witb the other’ development 


work. 
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Hognestad, Reese, Siess represent 
ACI at Vienna meeting 


Comité Européen du Béton 


@ In 1958, as AN OUTGROWTH of recommendations of the CEB-ACI commit- 
tee on collaboration,* ACI President Douglas McHenry, on invitation by 
President Franco Levi of CEB, appointed Eivind Hognestad, Portland 
Cement Association; Raymond C. Reese, consulting engineer; and C. P. Siess, 
University of Illinois, to sit as observers at the Comité Européen du Béton 
meeting to be held in Vienna, Apr. 2-9, 1959. The Austrian Concrete Associ- 
ation was host to the meeting. 

Organized at Luxembourg in 1953 under the presidency of A. Balency- 
Béarn of France, the Comité Européen du Béton,t now under the presidency 
of Prof. Levi of Italy, is made up of representatives from 19 countries of 
Western Europe. The CEB has nine commissions (subcommittees) actively 
engaged in developing information for the ultimate strength design of rein- 
forced concrete construction, combining the research and analytical capacities 
of many countries to develop theories that may eventually result in a recog- 
nized standard code of practice (something like the ACI Building Code). 


* Portugal—Prof. F. J. Sarmento Correia de Araujo, 
Representatives Prof. Campos E Matos, Prof. Riberio Sarmento 


CEB representatives, limited to two (or Spain—Dr. J. M. Aquirre, Prof. A. Paez, Prof. E. 
Torroja 

Sweden—Prof. H. Granholm, Prof. A. Hillerborg, Prof. 

Western Europe, are outstanding experts on G. Wastlund 

Switzerland—M. Hartenbach, Prof. A. Sarrasin, G. 
Steinmann 

crete and include many distinguished names, = Turkey—Dr. Tokéz 


three) from each of the 19 countries of 
the behavior and design of reinforced con- 


as can be seen from the following list: Yugoslavia—(delegates not yet designated 


Austria—Prof. K. Jager, Dr. 8. Soretz 
Belgium—Dr. P. Moenaert, Dr. C. Massonnet, Prof : Sage 
F. A. A. Campus, Prof. A. Paduart Fields of activity 
Denmark—J. Christensen, Prof. A. Efsen, R. A. Larsen Fields of activity of CEB are indicated by 
Finland—A. Junttila " itles of tl is ‘ ° s — “ 
France—A. Balency-Béarn, N. Esquillan, P. Lebelle, ‘@ Utes of the various commissions: ests, 
Y. Saillard (Permanent Secretary) Characteristics of Reinforcement, Eccentric 
Great Britain—Prof. A. L. L. Baker, Dr. A. W. Hill, ‘ ae ‘ea oki »t} Shes 
gy ge : . Compre ssion, Crac king, Defle« tion, Shear, 
Germany—E. Bornemann, Prof. G. Brendel, Prof. H Factor of Salety, Notation, Buckling, and 
Rosch ons ; T-Beams. Each commission presented to 
Greece—S. Fessas, T. Kyriasis, C. D. Zambetakis he full . f f , - : . 
Sicliced Pest, A. 0: Mess: 3, G. Henwmes. C: J. the full committee for further action a set of 


Louw resolutions outlining the area of common 
Italy—Prof. F. Levi, Prof. Gianelli, Prof. P. L. Nervi agreement in each field. Such agreement 
Luzembourg—E. Nennig i } :} - 

Sivan, &. Aap dibahen, Feet. 1. tom seems to be shaping up on many of the 
Poland delegates not yet designated following items. 


*This committee was made up of some six members—those appointed by President McHenry to represent ACI 
were Phil M. Ferguson, E. Hognestad, and R. C. Reese, while President Levi originally appointed to represent 
CEB A. L. L. Baker, A. M. Haas, and G. Wastlund, though H. Risch and A. Paduart being available contributed 
considerably to the suggestions. 

tA quite complete report to that date is contained in the papers by A. L. L. Baker: ‘“‘The Work of the European 
Committee for Concrete,"" The Reinforced Concrete Review (London), Sept. 1958, and The Structural Engineer 
(London), Jan. 1958, as well as in another reference by Yves Saillard, Publication No. 262, of the Belgian Associ- 
ation for Testing Materials. 
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Beauty and character of 


new church owe much to 


PRECAST CONCRETE 


This church exemplifies the adaptability and beauty of 
modern precast concrete construction. Precast units 
serve both structurally and decoratively, and include 28 
arches of varying sizes, 2 spire grills, 4 ornamental grills, 
and 42 precast window frames and sills. The largest arch 
is 32’ high. 
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Architects-Engineers : 

T. Norman Mansell, Philadelphia, Pa. 
Scott B. Arnold Assoc., Miami, Fla. 
Contractor : 

Thompson-Polizzi Construction Co., 
Coral Gables, Fla 

Precast Units Supplied by: 

Lewis Manufacturing Co., 

Miami, Fla. 


Soaring arches, ornamental grills, window 
frames and sills—all precast concrete—lend 
enduring beauty and character to the new 
St. Peters Lutheran Church, Miami, Fla. 


In precasting this wide variety of concrete 
units, Lewis Manufacturing Company used 
Lehigh Early Strength Cement for maximum 
production efficiency and economy. 


“Our entire operation,” writes Mr. Lewis, 
“thas always been geared to the use of Lehigh 
Early Strength Cement and live steam curing. 
This fast production method enables us to 
give our customers better service, at lower 
cost.” 


This is typical of the advantages of Lehigh 
Early Strength Cement in modern concrete 
construction. 


LEHIGH PORTLAND CEMENT CO. 


ALLENTOWN, PA. 
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Pure or combined bending and direct 
stress—One goal is the establishment of a 
“design technique for reinforced concrete 
sections of any shape subjected to pure or 
combined bending and direct stress.”” <A 
good approximation is from a 


parabolic stress block with maximum stress 


obtained 


equal to the cylinder strength at the extreme 
compression edge and corresponding to a 
0.0035. (Any 
stress block 


strain of other simplified 


such as the rectangular may 
be used, provided results agree reasonably 
well with the parabola and with tests and 
provided the depth of the rectangle does not 
exceed 0.5d for full cylinder strength, or if 
depth exceeds 0.5d, then f.’ must be reduced 
so that Mp remains the same as would have 
occurred with a depth of 0.5d. The exact 
values are being studied for possible minor 
adjustment. 


Steel, bond, and anchorage 
bond, 


As regards 


and anchorage, the subcom- 


itself 


steel, 


mittee set such problems as bond 
behavior in the span, at the supports, and 
at the end of plain round and deformed bars; 
anchorage length of plain round and de- 
formed bars (in top or bottom of a member, 
ending in the span or over the supports, in 


a tensile or compressive zone, with or with- 


out hooks, including the effect of stirrups, 


lateral restraints, and determination of where 
a bar is fully developed); details for de 
velopment of lapped or welded splices in 
mild and cold worked steel; spacing and cover 
and 
specifications for “bundled reinforcement;”’ 


between and around reinforcing bars 
standardization of hooks and bends; use of 
different diameters of bar or bars of different 
grades of steel in the same group; and max- 


imum permissible variation in bar sizes. 


Crack patterns—-Approximate methods 
are suggested for controlling crack patterns 
Crack 


phenomena, depending considerably on diam- 


in beam webs. widths are random 
eter, shape, percentage, and stress in the 
reinforcing bars, while the permissible crack 
width is dependent on the type of loading 
and the exposure of the member. Two closely 
related, but slightly different, 
Bars 


relative to an arbitrary area of beam stem 


appre vaches 


may be made. may be considered 


whose centroid coincides with that of the 


steel and then a limiting ratio between the 
area of this arbitrary section of concrete and 
the perimeter of all the bars can be established 
for various exposures. Or, with adjustment 
of coefficients, the total area of beam stem 
can be related to the total perimeter of all 
the bars. Either will establish certain maxi- 
mum bar diameters for given stem width. 


Deflections 
term 


For computing elastic, short- 


deflections of beams up to cracking 
load, a fair approximation is obtained by us- 
ing the moment of inertia of the gross con- 
crete assumed 


section homogeneous and a 


modulus of elasticity of E- = 63,0007 f.’. For 


long-term deflections, including creep, the 
values may be tripled, and above cracking 
load a more elaborate formula is suggested. 
Some researchers prefer formulas of the 
Maney type, based on strains in concrete and 
steel. Allowable deflections depend on a 
number of factors, some psychological and 
aesthetic, but recommendations vary from 
L/150 for roofs and light occupancies to L/300 
Deflections 
can be controlled by limiting the span-depth 


ratio. 


for places of public assembly. 


include 
shrinkage, temperature, bond, sustained load- 


Factors to consider creep, 
ing, cross section, compressive reinforcement, 
vibrations, resonance, and dynamic loading. 
Studies will be conducted not only in the 
laboratory but on existing structures, and an 
outline of desired data is in preparation, pro- 
viding appropriate anonymity in the case of 
failures (where can be 


usually the most 


learned ). 


Diagonal tension—-In the matter of 
diagonal tension, CEB is about on a par with 
ACI-ASCE Committee 326 and ACI Commit- 
tee 318, making considerable progress, but 
with final results still undecided except that 
it is recommended not to design any important 
members without web reinforcement. 

Load factors—The work on load factors 
was published in the November, 1958, ACI 
JOURNAL. It is hoped that the other reports 
will also be published as they are completed. 

Notation — An under 
develop a standard European notation, but 


attempt is way to 
since Americans are familiar with f.’, f,, and 
f, in lieu of o», o,., r- there seems little likeli- 
hood of a single standard notation, though 
ACI Committee 116 is keeping in touch with 
this work. 





10 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Buckling—To allow for the effects of 
elastic buckling in slender members such as 
columns, frames, or arches and to avoid 
elaborate formulas based on variable proper- 
ties of the materials, an added moment (or 
eccentricity) is to be included in the propor- 
tioning of the member, as for example: 


a 
M, = 0.3 Nt—— 
mT” Lo 


(L/r)? 


and for buckling about two axes: 


M, = 0.3 tf. 


x’? E, 7 


(L,/rz)* (L,/ry)? 


T-beams—For the 


effective width of flange for a T-beam, a pre- 


calculation of the 


liminary report suggests a method of calcu- 
lation whose results agree quite closely with 
The method, which is based 
on the use of tables, is valid for distributed 


those of tests. 


loads, and with corrections, for concentrated 
loads. In addition, special rules are suggested 
for continuous beams, ends of beams, beams 
on piers, and for combinations of various 
loadings. 

There is also a liason committee actively 
cooperating with the International Federation 
for Prestressed Concrete (FIP), 
tional 
works 


the Interna- 
Association for Bridges and Frame- 
(AIPC), the International 
(RILEM), and the Interna- 
tional Committee for Shell Structures. 
Finally, a 


start the work of transforming these recom- 


Union of 
Laboratories 
committee was appointed to 
mendations into a proposed code of practice. 

The three ACI observers were asked to par- 
ticipate in the discussions and to serve on 
committees—Dr. Hognestad under Professor 
Riisch on combined bending; Professor Siess 
under Professor Paduart on diagonal tension 
and Mr. 
Reese under Mr. Esquillan on formulating a 


and under Professor Haas on slabs; 
code of practice. For research laboratories 
or other interested parties in the United 
States, a correspondent membership can prob- 
ably be arranged by writing Yves Saillard, 
Secretary, CEB, Directeur Technique, de la 
Chambre Syndicale des Constructeurs en 
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Arme, 3 rue de Lutece, Paris 4, 


Dues might be in the neighborhood 


Ciment 
France. 
of 100 Swiss frances annually. 

Such are the highlights of the technical 
Naturally, 
and tests accumulate in large quantity. Dur- 


discussions. information, data, 
ing the past year, the Secretariat had issued 
a score of thick bulletins presenting studies 
and recommendations and, in Vienna, was 
able to mimeograph overnight resolutions for 
study by the committee as a whole the fol- 
lowing day. 

The problems of differences in languages 
(requiring two or three interpreters to trans- 
late on request) and in systems of measure- 
ment (requiring mental arithmetic or a slide 
rule) are not encountered in ACI meetings. 

The efficient manner in which the meetings 
were conducted, the physical facilities for 
effective work, the zest and enthusiasm with 
which everyone participated, the calmness 
and reasonableness with which controversial 
ideas were advanced and even clung to, and 
the willingness of subcommittees to extend 
discussions into the small hours of the morn- 
ing, all resulted in an effective group of meet- 
ings. 

It is hoped that close collaboration will im- 
prove our own ACI Code and reflect European 
researches much more rapidly and effectively 
in this country. 


NRMCA schedules short 
course, Nov. 16-20 


The annual short National 
held 
of Mary- 
land, College Park, according to an announce- 


Stanton Walker, director of engi- 


course of the 


teady Concrete Association will be 


November 16-20 at the University 
ment by 


neering. 


Khachaturian receives award 
Narbey Khachaturian, associate professor 

Illinois, 

Urbana, was one of three professors selected 


of civil engineering, University of 
as the 1959 winners of the A. Epstein Memo- 
rial award. The awards are made to out- 
standing young staff members on the basis 
of personal achievement, scholarship and 
professional standing, distinction in public 
service, and general over-all contribution to 


the prestige of the university. 
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RESEARCH ON MULTIPLE-PANEL 
REINFORCED CONCRETE FLOOR SLABS 


{ESEARCH NOW UNDER Way at the Univer- 
sity of Illinois is expected to provide the basis 
for more rational and more consistent methods 
of design for the several types of reinforced 
concrete floor slabs now in use. The experi- 
mental and analytical program includes flat 
plate, flat slab, and two-way slab construc- 
tion. 

The research was originated in 
1951 by the Institute 
committee on design of reinforced concrete 
ACI-ASCE committee. 
However, it was not until 1956 that arrange- 


program 
American Concrete 


slabs, now a joint 


ments were made with sponsors to finance 
the 4- to 5-year program. 

The most outstanding feature of this proj- 
ect is that it involves coordinated and parallel 
tests on the two principal types of concrete 
floors now in common use: slabs supported 
only at the columns, such as the flat plate or 
flat slab; and slabs supported on the four 
sides of each panel by beams spanning be- 
tween the columns. 


The approach is both analytical and experi- 


mental, but the latter phase has dominated 
the program to date. Tests are being made 
on quarter-scale models of typical floor sys- 
tems, each consisting of nine square panels 
arranged three by three. The panel size in 
the prototype floor is 20 x 20 ft. 


Flat plate model after test to 

failure. The edges shown 

have deep spandrel beams. 

The load-distributing system 

and the reaction-measuring 

tripods at each column can be 
seen 


Test specimens 
The first test 
typical flat plate floor without drop panels or 


was made on a model of a 
column capitals. The prototype was designed 
as a typical structure according to the ACI 
Building Code, for a total design live load of 
70 psf. The second test specimen was a typi- 
cal flat slab designed for 200 psf live load, and 
provided with drop panels and square columns 
and capitals. In both specimens, wide shallow 
spandrel beams were provided on two adja- 
cent edges while deep narrow beams were 
used on the other two edges. 

The third test will be made during the 
summer of 1959 on a typical two-way slab 
designed according to Method 1 of the ACI 
Code, for a live load of 70 psf. In this floor, 
the beams spanning between the columns will 
be relatively deep and stiff to conform with 
the assumptions on which the ACI Code re- 
quirements are based. The fourth specimen 
will also be a two-way slab, but the beams will 
be shallower and less stiff than those for the 
more typical design. 


Test procedures and measurement 
Uniform load is simulated in the tests by a 
system of concentrated loads applied through 
8 x 8-in. bearing plates at 16 points in each 
5-ft square panel. The loading system is such 
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Underside of flat slab model showing square columns, capitals and drop panels, deflec- 
tion dials, reaction-measuring tripods, and crack pattern in slab and spandrel beams 


that any panel or combination of panels can 
be loaded separately. Measurements made 


during the tests include: deflections at 33 


locations, strains in the reinforcement and 
concrete at over 300 locations, and reactions 


at each column. 


The measurement of reactions at the base 


of each column is a particularly important 
feature of the tests because of the highiy in- 


Each 


column is pinned at its base and supported on 


determinate nature of the structure. 
a tripod of hollow steel bars. Strains meas- 
ured on each of the three tripod legs provide 
data from which the three reaction compo- 
nents can be computed. 


Each of the floor slabs tested so far has 
been subjected to an extensive series of tests 
at different levels of loading and with differ- 
Tests have 
been made at loads small enough not to cause 


ent patterns of loaded panels. 


cracking of the slab; at the design load level; 
at an overload of dead load plus 1.5 to 2.0 
live loads; and finally with load increased to 
failure. A total of 50 different were 
made on the flat plate model and 37 on the 
flat slab. 
increments of load, with deflections, strains, 


tests 


Since each test involves several 
and reactions measured at each increment, a 
tremendous volume of data has been accumu- 
lated. Over 58,000 individual strain readings 
were taken on the first model and about 150,- 
000 were taken on the second. 


The reading, recording, and reduction of 


data from electrical strain gages has been 


greatly facilitated by the use of various elec- 
tronic aids. All strain readings have been 
IBM punched 


cards and the readings have been reduced to 


recorded automatically on 


initial zeros using IBM equipment which 
places all readings for the several increments 
The 


information on cards has then been automati- 


of load in one test on one card per gage 


cally converted to tabular or graphical form 
using appropriate reading or plotting devices. 
In the second test, the reading of strain gages 
was further expedited by an automatic bal- 
ancing device used in conjunction with the 
With the aid of this equip- 
ment, over 390 strain gages could be read and 


strain indicator. 


recorded in less than 25 min. 


Although the major portion of the work to 
date has been experimental, the analytical 
phase of the project has not been neglected. 
Limit analyses of the “‘yield-line’’ type have 
been made for all of the structures tested. 
Elastic analyses were limited initially by the 
lack of available techniques, but this has been 
remedied and a powerful analytical method 
is now available for use in conjunction with 
the ILLIAC digital computer at the Univer- 
sity of Illinois. The analyses, both elastic 
and limit, will be used to extend the results 
of the tests to structures having different 
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characteristics than those of the floors tested, 
as a basis for evaluating present design proce- 
dures. 


Project sponsors 


The project is sponsored by Reinforced 
Concrete Research Council of the Engineer- 
ing Foundation; Office of the Chief of Engi- 
neers, Corps of Engineers, U. 8. Army; Public 
Buildings Service, General Services Adminis- 
tration; and Directorate of Civil Engineering, 
Headquarters, U. 8. Air Force. The develop- 
ment of new methods of analysis for continu- 
ous plates is being carried out under a grant 
from the National Science Foundation. 


The technical aspects of the project are 
guided having 
representatives from the various sponsoring 
agencies as well as from ACI-ASCE Com- 
mittee 321. 
committee 


by an advisory committee 


The members of the advisory 
are: L. H. Corning (chairman), 
G. B. Begg, Jr. (since May 1959), J. Di Stasio, 
Sr. 1958), J. W. 


(deceased Dunham (until 
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May 1959), A. S. Neiman, N. M. Newmark, 
D. H. Pletta, Paul Rogers (since June 1959), 
E. J. Ruble, W. E. Schaem, M. P. Van Buren 
(since June 1959), and C. A. Willson. A com- 
mittee of the Federal Construction Council 
under the chairmanship of Homer J. Smith 
has also taken an active interest in the project 
and has contributed advice. 

The experimental program is being carried 
out under the direction of M. A. Sozen, 
associate professor of civil engineering, with 
the assistance of G. T. Maves, D. 8. Hatcher, 
F. J. Mila, K. A. Faulkes, and W. L. Gamble, 
all research assistants and graduate students 
in civil engineering. The analytical work was 
carried out under the direction of T. Y. Chen, 
assistant professor of civil engineering, until 
June 1958. He was succeeded by A. Ang, 
assistant professor of civil engineering, who is 
assisted by Wei Hsiong in work being carried 
out under the NSF grant. Prof. V. J. Me- 
Donald is responsible for instrumentation. 
The project is under the over-all direction of 
C. P. Siess, professor of civil engineering. 


The QUICKEST way to get 


REINFORCED CONCRETE DESIGNS 


Revised 1959... Second Edition! 


Third Printing! 


447 pages 
over 75,000 
copies 

in use 


Bring your reference library up to date. 
Revised in 1959, this valuable tool will 
provide you more Reinforced Concrete 
Designs, all worked out to the latest 
A.C.l. Building Code. Here is a technical 
publication of immeasurable value, which 
the Concrete Reinforcing Steel Institute is 
making available to architects and engi- 
neers for only $6.00 a copy. Send check 
or money order for your copy, today. 


$ £00 


POSTPAID 


10-Day Money 
Back Guarantee 
NO C.O.D. ORDERS 


Prepared by the Committee 
on Engineering Practice 


CONCRETE REINFORCING STEEL INSTITUTE 
38 S. Dearborn St. (Div. J), Chicago 3, Illinois 
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Cobb Park Armory, Fort Worth, Texas. Hedrick & Stanley, architect and engineer. Childs Construction 
Company, general contractor. 


Form voids with low-cost 


SONOCO 
SONOVOID), 
FIBRE TUBES 


By displacing low-working concrete at the neutral axis, SONOVOID 
Fibre Tubes reduce weight and save materials in concrete construc- 
tion. Because voided slabs have less deflection, they are ideal for 
long spans, and increase design flexibility. 


In the Cobb Park Armory job illustrated, 35,000 linear feet of 
SoNovoiD Fibre Tubes were used. The voided slab system was chosen 
in order to achieve a smooth ceiling over a long span—and at the 
same time reduce weight and save concrete and steel. 














Low in cost and easy to handle, Sonoco Sonovoip Fibre Tubes are 
specifically designed for use in concrete floor and roof slabs, bridge 
decks, lift slabs, and precast, prestressed concrete piles. 


Order Sonovoip Fibre Tubes in required lengths or standard 18’ 
shipping lengths . . . sizes available from 2.25” to 36.9” O.D. (can 
be sawed). End closures available. 


See our Catalog in Sweet's 
For complete information and slab design tables, write 


HARTSVILLE, S.C. 

© LA PUENTE, CALIF. 

© FREMONT, CALIF. 

* MONTCLAIR, N. J 

* AKRON, INDIANA 
¢ LONGVIEW, TEXAS * 

* ATLANTA, GA. 

¢ BRANTFORD, ONT. 

. 


MEXICO, D. F. SONOCO PRODUCTS COMPANY 
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Positions and Projects 





Irmscher appointed chairman 
of ACI Committee 805 

W. G. Irmscher, Peerless Cement Co., 
Detroit, has accepted chairmanship of Com- 
mittee 805, Application of Mortar by Pneu- 
matic Pressure. 


ACI Committee 505 
reactivated 


Committee 505, Design and Construction 
of Reinforced Concrete Chimneys, has been 
reactivated with the following mission: 

“To restudy the present standard with a 
view to its suitability in the light of new 
developments and to recommend any modi- 
fications necessary to satisfy present or anti- 
cipated operating conditions in reinforced 
concrete chimneys.” 

M. Zar of Sargent and Lundy, Chicago, is 
chairman of the committee. Mr. Zar is also 
a member of ACI Committee 336, Combined 
Footings. 


ACI technical committee 
appointments 


Listed below are committee members who 
have recently accepted appointment to ACI 
technical Included are 


committees. new 


appointments only. 


Committee 207, Properties of Mass 
Concrete 

Willis T. Moran 

Riverside Cement Co. 

Denver, Colo. 


Committee 209, Volume Change in Plastic 
Flow in Concrete 
David Watstein 
National Bureau of Standards 
Washington, D. C. 


Committee 213, Properties of Lightweight 
Aggregates and Lightweight Aggregate 
Concrete 

S. B. Helms 

Lehigh Portland Cement Co. 

Coplay, Pa. 


Committee 214, Evaluation of Results of 
Strength Tests of Concrete 
Walter K. Wagner 
Albuquerque Gravel Products Co. 
Albuquerque, N. M. 


Committee 216, Fireproofing or Fire 
Protection of Structures 
W. W. Allen, Jr. 
Hydraulic Press Brick Co. 
Cleveland, Ohio 
F. 8. Burtch 
John A. Roebling’s Sons Corp. 
Trenton, N. J. 
Frank G. Erskine 
Expanded Shale Clay and Slate Institute 
Washington, D. C. 


Committee 336, Combined Footings 
James D. Parsons 
Moran, Proctor, Mueser and Rutledge 
New York, N. * 
Committee 339, Allowable Stresses in 
Reinforcement 
A. Carl Weber 
Laclede Steel Co. 
St. Louis, Mo. 


Committee 401, Specifications for Struc- 
tural Concrete 

Howard J. McGinnis 

Portland Cement Association 

Chicago, Ill. 


Committee 613, Recommended Practice 
for Proportioning Concrete Mixes 
R. A. Burmeister 
City of Milwaukee Department of Public 
Works 
Milwaukee, Wis. 
Committee 623, Cellular Concretes 
John K. Selden 
Autoclave Building Products Association 
Toledo, Ohio 
Committee 624, Portland Cement 
Plastering 
William J. Bobisch 


Bureau of Yards and Docks 
Washington, D. C. 
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John R. Diehl 

John Diehl Associates 
Princeton, N. J. 

William Lerch 

Portland Cement Association 


Skokie, Il. 


Committee 712, Precast Structural Con- 
crete Design and Construction (Joint ACI- 
ASCE) 

Denis Gellert 

Charles H. Sells 

New York, N. Y. 
Committee 717, Practice in Low-Pressure 
Steam Curing 

R. J. Schutz 

Sika Chemical Corp 

Passaic, N. J. 


ACI headquarters attracts visitors 


The ‘Visitors’ Register’ 
graduate architectural students from Cornell 


reveals that six 


University on tour before returning to their 
native India were among the many individuals 
inspecting the Institute headquarters building 
this month. 

Dr. and Mrs. Mutsumi Kato of Toyko, 
Japan, were recent visitors. Dr. Kato, asso- 
ciated with the Tokyo Institute of Tech- 
nology, is on a tour of the country doing re- 
search work on building construction of pre- 
stressed and precast concrete. 


Parsons awarded ASTM 
honorary membership 


Douglas E. Parsons, chief, Building Tech- 


nology Division, National Bureau of Stand- 
ards, Washington, D. C., 
an honorary member of the American Society 
for Testing Materials. The 
was made at the 62nd annual meeting of the 
society in Atlantic City, N. J. 


was recently made 
presentation 
Mr. Parsons, an honorary ACI member, 


Institute in 1945, 
years of activity with 


was president of the 
culminating 
administrative and technical committees as 
well as the Board of Direction. In 1936 he 
received the ACI Wason Medal for 
worthy research; in 1952 he received the 
Lindau Award for outstanding contributions 
to reinforced concrete design practice; and 


many 


note- 


August 1959 


in 1959 he was awarded ACI’s Turner Medal. 
Mr. Parsons is currently a member of several 
ACI and joint ACI-ASCE committees. 


Mather honored by 
ASTM merit award 


Bryant Mather, supervisory civil engineer 
(concrete research) and chief, Special In- 
vestigation Branch, Concrete Division, U. S. 
Army Engineer Waterways Experiment Sta- 
tion, Jackson, Miss., 
in the field of engineering materials honored 


was among 13 leaders 


during the American Society for Testing 
Materials annual meeting in Atlantic City. 
Citations were awarded for outstanding 
service to ASTM technical committee work. 

An ACI member since 1944, Mr. Mather is 
a member of the Institute’s Board of Direc- 
tion. He has served three terms as chairman 
of the ACI Technical Activities Committee 
and presently is a member of that committee. 
He is 116, 


Nomenclature; Committee 612, Reeommend- 


also a member of Committee 
ed Practice for Curing Concrete, and Com- 
mittee 212, Admixtures. 

Mr. Mather has authored numerous tech- 
nical papers and is active in committee work 
of the Board 
number of other professional societies. 


tesearch and a 


Highway 


1959-60 ASTM officers 
F. L. LaQue, vice-president and manager, 
and The 


International Nickel Co., assumes the post of 


Development esearch Division, 
president of the American Society for Testing 
Materials. 

ACI Miles N. 
president, The Thompson & Lichtner Co., 
Brookline, Mass., vice-president. 
Mr. Clair served on the Institute Board of 
Direction in 


Long-time member Clair, 


becomes 


1937-38 and has been active in 
ACI technical and administrative committees 
At the present time he is 
serving as the Institute representative on 
ASA Sectional Committee Al. 


for many years. 


A. Allan Bates, vice-president of research 
and development, Portland Cement Associ- 
ation, Chicago, continues as senior vice-presi- 
dent. Dr. Bates, ACI member since 1946, 
has long been active in Institute affairs. He 
served on the Board of Direction from 1952- 


54. Dr. Bates was a member of the ACI 
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PHIL M. FERGUSON, president of the American Concrete Institute and professor of civil 
engineering, University of Texas, Austin, was guest of honor at the ACI Southern Cali- 
fornia Chapter dinner meeting in Los Angeles, June 10. Photo shows President Ferguson, 
at the left, with J. L. Peterson, president of J. L. Peterson, Inc., current chapter president; 
Ernst Maag, principal structural engineer, California Department of Public Works, 
Division of Architecture, past president and first chapter president; Henry M. Layne, 
structural engineer, chairman of the chapter committee throughout organization; and 


Sam Hobbs, chapter secretary-treasurer. 


close to 200. 


Building Committee in 1956-57 and served 
as chairman from October 1957 to February 
1959. 


Verbeck receives ASTM award 
Verbeck, Applied Re- 
search Section, Portland Cement Association, 
Chicago, received the Sanford E. Thompson 
Award at the 62nd annual meeting of the 
American Society for Testing Materials. The 
award was given in recognition of his paper 
presented at the 1956 ASTM Pacific area 
national meeting entitled ‘“‘Carbonation of 
Hydrated Portland Cement.” 
Mr. Verbeck has been an 


since 1947. 


George manager, 


ACI 


His researches concerning numer- 


member 


ous aspects of cement and concrete tech- 
nology have been published by the American 
Society for Testing Materials, Highway 
Research Board, and the American Concrete 
Institute. 


Petrasch made director 
of Ford, Bacon & Davis 


Carl 8. Petrasch, Jr., vice-president of 
Ford, Bacon & Davis, Inc., New York, has 
been member of the board of 
directors of the company and of Ford, Bacon 
& Davis Construction Corp. Mr. Petrasch 
joined the organization in 1940 becoming a 
vice-president in 1953. 


elected a 


The chapter now has a membership of 


Lyon named fo key post 
for Master Builders 


Charles A. Lyon has been appointed to 
the newly created post of special assistant 
to the vice-president for marketing for The 
Master Builders Co., Cleveland. A veteran 
of 18 years with the company, he joined their 
merchandising staff in 1941, and most recently 
served as manager of the Detroit branch 
office. 

An ACI member for the past 
Mr. Lyon has been active in committee work 
in the Institute, Improvement 
Board of Detroit, Construction Specification 
Institute, and the Michigan Ready-Mixed 
Concrete Association. 


10 years, 


Concrete 


Carbonell elected president 
of Sika Panama, S.A. 

Celso A. Carbonell, formerly executive 
vice-president and general manager of Sika 
Panama, 8. A., was recently elected president 
of the this position Mr. 
Carbonell has full responsibility of the firm 
in 18 countries. 


company. In 


Mr. Carbonell has been an active member 
of ACI since 1951. 
TAC Advisory 
Translations and 
Spanish bulletins on 
and cement production for the 


He is a member of the 
Committee on Spanish 
serves as a reviewer of 
concrete technology 


“Current 
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COMPARE THESE ULTIMATE STRENGTH 

CONCRETE REQUIREMENTS 
PIPE STRENGTHS 20,000 “pt ge ml 
WITH ANY OTHER 


All classes of reinforced 
concrete pipe for greater 
strength and safety factor 
—as well as standard and 


extra strength non-rein- 


LIN. FT 


forced concrete pipe— 


are available from Ameri- 


LBS. PER 


can-Marietta Company to 
meet ASTM, AASHO and 
Federal Specifications. 


MINIMUM ULTIMATE STRENGTH 


PIPE DIAMETER—INCHES 


AMERICAN-MARIETTA COMPANY 


CONCRETE PRODUCTS DIVISION 
GENERAL OFFICES: 
AMERICAN-MARIETTA BUILDING 
101 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS, PHONE: WHITEHALL 4-5600 
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section of the JourNaL. ACI was 
represented by Mr. Carbonell at the Seventh 
Pan-American Highway 

Panama City 2 years ago. 


Reviews”’ 


Congress held in 


Cenco Instruments 
acquires Soiltest 


Cenco Instruments Corp., one of the lead- 
ing manufacturers and distributors of scien- 
tific apparatus and laboratory supplies, has 
announced the acquisition of Soiltest, Inc., 
Chicago, manufacturers of engineering test 
apparatus for soils, concrete, asphalt, and 
similar materials. 

The will be 
operated as a subsidiary of Cenco with no 
changes in management. Theodore W. Van 
Zelst will remain as Soiltest president. 


newly acquired company 


Hart joins consulting firm 


Willard H. Hart, structural engineer, has 
joined the staffs of Robert J. Strass, Inc., 
and Hartman-Strass, Inc., consulting engi- 
neers in Milwaukee and Sheboygan, Wis. 

Mr. Hart was previously associated with 
the Wisconsin Highway Commission, Port- 
land Cement Association, and the American 
Institute of Steel Construction. 


BRI sets dates for fall conferences 

The Building Research Institute has set 
dates for the first of the new multi-subject 
November 17, 18, and 19 at 
Hotel, op. Gs 
This inaugurates the new program series by 
which BRI will 
ferences per year, one in the spring and one 
in the fall. 

Subjects to be presented will include: 3-day 


conferences, 


the Shoreham Washington, 


schedule only two con- 


conference workshop on sandwich panel 


archi- 
tectural metal curtain walls; 1-day conference 


design criteria; 1-day conference on 
on new heating techniques; 2-day workshop 
on building research; and a %-day con- 
ference on international building research. 


Southern Lightweight Aggregate 
sponsors student competition 


Eight senior students of architecture at 


the University of Virginia and Virginia 
Polytechnic Institute have won cash prizes 


totalling $1500 in the sixth annual Solite 


Competition Award contest according to an 
announcement by A. Cabell Ford, director of 
sales for Southern Lightweight Aggregate 
Corp., Richmond, Va. 

The competition for fourth-year students 
of architecture at the two Virginia schools is 
sponsored annually by Southern Light- 
weight Aggregate Corp., producers of Solite 
lightweight structural aggregate. 


Huron Cement names two 
general sales managers 


Appointment of two general sales managers 
for Huron Portland Cement Co., Detroit, 
was recently announced by Clarence L. Laude, 
vice-president in charge of sales. 

Named to the posts were Lee C. 
Hamilton, who becomes general manager of 
contract sales, and John C. Hoffman, general 
manager of commercial sales. 

Huron 


new 


Portland Cement Co. is a subsi- 
diary of National Gypsum Co. 





Tentative program for 
1960 ACI convention 


The Technical Activities Committee 
has announced a tentative technical 
program for the 56th annual meeting 
of ACI to be held in New York City, 
Mar. 14-17, 1960. 

While the program is 
earliest stage of planning, six technical 
have The 
first 114 days will be devoted to techni- 
The technical 
program will begin on Tuesday after- 
noon, March 15, with several sessions 
running concurrently through Thurs- 
day, March 17. 

The first session will feature proposed 


now at its 


sessions been scheduled. 


cal committee meetings. 


ACI standards and committee reports. 

Concurrent sessions on March 16 will 
be devoted to model tests, highways, 
materials, and design and structural 
research. On March 17 Committee 201, 
Durability of Concrete in Service, will 
present a symposium on restoration of 
deteriorated concrete. Committee 115 
will hold its annual research forum on 
Thursday afternoon. 
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new shape - on the New York Skyline 


A 700-pound USS American Welded Wire Fabric tied at one-foot spacing and conform perfectly to 
mat is placed on one of the six umbrellas. It is the compound curves in spite of the large differ- 
Style 6 x 6—5/0 and 5/0. The mats are lapped and ence in elevation between opposite mat corners. 


Concrete is poured from the top, worked down to- crete is needed for any given area of the hyper- 
ward the center, vibrated and rough screeded. A bolic-paraboloid type than for most other forms of 
3” topping of perlite insulating concrete was construction, resulting in additional*time savings. 
poured directly on the rough surface. Less con- 
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... Hyperbolic-Paraboloid Shell for Hunter College Library. 


(iss) American Welded Wire Fabric provides important 
time-and-money saving in concrete reinforcement ! 


Tus new building, the first major use of 
this type of shell east of the Mississippi, 
consists of 6 inverted umbrellas of con- 
crete, roofing a glass-enclosed library. To 
reinforce the 6 “inside-out” umbrellas, 30 
tons of USS American Welded Wire 
Fabric mats were employed. The use of 
the 31’ x 1014’ mats saved 6 days in con- 
struction time. The 12 mats required for 
each umbrella were installed rapidly and 
easily by a small crew of metal lathers. 
After they had become familiar with the 
operation, the 12 mats required for one 
umbrella with an area of 3,600 sq. ft. were 
lifted from the ground and positioned on 
the forms in less than one hour. 

USS American Welded Wire Fabric 


Shown here are three of the six umbrellas under construction. 
Each umbrella is supported by its central column and consists 
of four quadrants. The finished building will measure 120 feet 


by 180 feet. Each umbrella is self-supporting. 


mats were selected for the job following a 
test conducted by Farkas & Barron to 
determine the mats’ ability to “drape” 
and conform to the building’s warped sur- 
face. All engineers and contractors con- 
cerned with the library are enthusiastic in 
their support of this selection. They report 
that the heavy gauge fabric sheets “fitted 
like a glove.” 

This is an excellent example of how USS 
American Welded Wire Fabric, a well- 
known and dependable building product, 
can be used effectively in modern types of 
buildings. For information on the prop- 
erties and uses of this material, write to 
American Steel & Wire, Room 9194, 614 
Superior Ave., N.W., Cleveland 13, Ohio. 


Architect: 
Marcel Brewer—New York, N. Y. 
Structural Engineers: 
Farkas & Barron— 
New York, N. Y. 
Genera/ Contractor: 

Leon DeMatteis 
Construction Corp.— 
Elmont, N. Y. 

Concrete Contractor: 

Dic Concrete Corp.— 
Elmont, N. Y. 

Fabric Distributor: 

Fabricators Steel and Mfg. 
Corp.-—-Bronx, N. Y 


American Steel & Wire 
Division of 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco 
Pacitic Coast Distributors 

Tennessee Coal & Iron Division, Fairfield, Als. 
Southern Distributors 

United States Stee! Export Company 
Distributors Abroad 
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TIDEWATER O1L COMPANY HOME OFFICE 
4201 Wilshire Bivd., Los Angeles, California 


Tide Water Realty Company 
Architect Claud Beeiman (wll Sannetaes 
randow and John 
C. L. Peck Constroction and eaay Company 
Laboratory R. G. Osborne Laboratories 
Maraconcrete: San Gabriel Ready-Mixt of inal 
Structure Multi story, conventional, lightowight concrete 


HIGHER 
STRENGTH 


ZO 
Sie WATER-REDUCING 


ADMIXTURES for CONCRETE 


A. Minimize shrinkage in concrete before 
and after hardening, due to lower water 
content and more complete hydration of 
cement. 

B. Decrease permeability. 

C. Achieve greater density and higher dura- 
bility factors. 


LOWER CONCRETE COSTS: — 


DISTRIBUTORS A. Maintain slump and workability at low 


W/C ratios. 
= pond peta all rir tron . Attain higher strengths without increasing 
Deiat. ton Division of cement content of a mix. 
965 N. Fair Oaks Ave, _Devoe & Raynolds Co., Inc. C, Permit economical redesign of conven- 
Pasadena, California 1700 Caniff, Detroit 11, Mich. tional concrete mixes. 


MARACON® promotes more complete hydration 
of cement particles and permits a substantial re- 
duction in the unit water content without loss of 
plasticity or consistency of the mix. Low water 
content means higher strength. 


(Mississippi only) - 
Ready-Mix Concrete Company MARACON also reduces water require- 
Meridian, Mississippi ments in concrete mixes containing pozzo- 


MARATHON © A Division of American Can Co. | 
CHEMICAL SALES DEPT. * MENASHA, WIS. l 


Send additional information on Maracon to: — | 


Ag | MARATHON (&) 


Use the coupon for more information. 


COMPANY 


] A Division of American Can Company 
EE ra ee | CHEMICAL SALES DEPARTMENT 
MENASHA, WISCONSIN 


eee 5-89 | 


pitchecidipencentsemaminatanasenenaniaed 
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Concreting the Fort Pitt Tunnels 


SPECIALLY DESIGNED steel telescopic side- 
wall-arch forms played an important role in 
reducing costs of concrete construction in the 
$16 million Fort Pitt Tunnels, final link in 
Pittsburgh’s 27-mile long Penn-Lincoln Park- 
way. 

Forms of this type were used for the first 
time in 1951 during construction of the now 
heavily used Parkway’s Squirrel Hill Tunnels. 
Only minor modifications were required for 
Merritt-Chapman & Scott 
Corp., New York, to adapt the forms for use 
in the Fort Pitt Tunnels. 


the contractor, 


fabricated, and modified by 
Blaw-Knox Co., the forms helped to speed 


setting, stripping, and moving time and pro- 


Designed, 


vided a better concrete finish through highly 
uniform construction operations. Telescop- 
ing feature of the forms made it possible to 
pass a collapsed unit through others in posi- 
In addition, the 
mounted on a jumbo traveler posi- 


tion while concrete cured 
forms 
tioned on block-mounted rails spaced 12 ft 
10 in. 
construction activity. 


apart—permitted continuous tunnel 


Men and equipment 


were able to move through the forms to and 
from other sections of the tunnels. 

Each of the twin tunnels is 3435 ft long, 
2914 ft wide, 21% ft high to the top of the 
arch, and 14 ft high to the ceiling. Width of 
the completed two-lane roadway in 
tunnel is 23 ft. 


each 


Approximately 55,000 cu yd of concrete, 
supplied by Marion Coal & Supply Co., 
Pittsburgh, were used in concreting sidewalls 
and arches in both tunnels. Concreting of 
sidewalls and arches in both tunnels—a total 
of 6870 ft—was completed by Merritt-Chap- 
man & Scott early in June, 1959. 


Construction sequence 

Form sections 5 ft long were preassembled 
by Merritt-Chapman & Scott in three 50 ft 
long units just outside the south end of the 
tunnels. The forms were mounted on a jumbo 
equipped with hydraulic motorized units for 
raising, lowering, and stripping. 

Inside the tunnel, the forms were positioned 
and anchored to roadway curbs with 1)4-in. 
diameter Richmond screw anchors spaced on 


In concreting the sidewalls and arches in the $16 million Fort Pitt Tunnels, a belt con- 
veyor moved concrete from truck mixers to the hopper over the pneumatic placer 
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2\.-ft Welded to 
skin plates of sidewall forms was ;-in. diame- 


approximately centers. 
ter scoring wire, designed to provide the 
finished concrete wall with a roughened bond- 
ing surface for easy mounting of ceramic tile. 


A 36-in. wide belt conveyor moved concrete 
from truck mixers to a 2'%4-cu yd hopper, 
positioned just over a pneumatic placer. The 
placer, made by Pressed and Welded Products 
Co., placed a sidewall-arch concrete averaging 
21 to 36 in. thick. Approximately 380 to 410 
cu yd of concrete were placed behind each 
50 ft long unit of forms in a single shift 


August 1959 


Four 50 ft lengths of tele- 
scopic ceiling forms—like this 
one spanning the full width of 
the northbound tube of the 
Fort Pitt Tunnels—were used 
in concreting the 5 in. thick 
ceiling that divides the vehic- 
ular tunnel from the exhaust 
air duct system immediately 
below the tunnel arch 


After concreting, the 50 ft long form units 
were kept in place approximately 48 hr. Then 
the form was stripped, collapsed on telescop- 
ing legs, and moved 100 ft under its two com- 
panion units for the next placement. Strip- 
ping, moving, and setting of forms was done 


on the swing shift. 


Four 50 ft long telescopic ceiling forms 
spanning the full width of the tunnel-—were 
also used on the project. Space between the 
5 in. thick concrete ceiling and the arch will 


house an exhaust air duct system. 





Oct. 11-16, 1959—3rd Pacific Area 
National Meeting, American So- 
ciety for Testing Materials, Shera- 
ton-Palace, San Francisco, Calif. 


Oct. 29-30, 1959—492nd Annual 
Meeting, National Slag Associa- 
tion, Boca Raton Hotel and Club, 
Boca Raton, Fla 


Nov. 2-6, 1959—5th Annual Con- 
vention, Prestressed Concrete In- 
stitute, Deauville Hotel, Miami 
Beach, Fla. 





LOOKING AHEAD 


Nov. 2-5, 1959—Regional Meeting, 
American Concrete Institute, Ho- 
tel Continental Hilton, Mexico 
City, Mexico 


Nov. 1-7, 1959—5th Annual Con- 
vention, Prestressed Concrete In- 
stitute, Deauville Hotel, Miami 
Beach, Fla 


Mar. 14-17, 1960-—56th Annual 
Meeting, American Concrete In- 
stitute, Commodore Hotel, New 
York, Y 











Boynton awarded 
honorary degree 


Ray M. Boynton, for the past 30 
associate of Dr. D. B. Steinman, consulting 


years 


engineer, New York, has been awarded the 
honorary degree of Doctor of Engineering by 
his alma mater, the University of Maine. 
Dr. Boynton’s long record of achievements 
as bridge designer and construction supervisor 
includes the substructure and main towers of 
the Mackinac Straits bridge in Michigan, the 
Sukkur Pakistan, the 
Bosporus suspension bridge in Turkey 


arch bridge in and 


Engineering research center 
for University of Kansas 
Construction is scheduled to start soon on 
a $200,000 Center for Research in Engineer- 
ing Science at the University of Kansas. 
Dean John S. McNown of the university's 
School of Engineering will be director of the 
Staff 
two-thirds of their time to research and the 


center. members will devote about 
balance to teaching. 

The center is being financed by gifts and 
grants and is expected to be self-supporting 
with funds 


governmental research. 


received for industrial and 
Building plans were 
prepared by the architectural firm of Neville, 


Sharp and Simon, Kansas City. 


Alpha reorganizes sales areas 


The eight eastern and western sales districts 
of Alpha Portland Cement Co., Easton, Pa., 
have been regrouped into divisions, and 
managers have been appointed for the newly 
organized areas. 

Boston, Washington, New York, and the 
eastern sales district will now comprise the 
sales division. St. Louis, Chicago, 
Ohio, 


have 


eastern 
Birmingham sales dis- 
form the 


Ironton, and 


tricts been combined to 
midwestern sales division. 
J. D. Bell, now vice-president in charge of 


the New 


pointed eastern division manager. 


York sales district, has been ap- 
The mid- 
western division with headquarters in St. 
Louis will be headed by H. Eugene Brown, 
recently elected vice-president. 
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LABYRINTH 
WATERSTOPS 


A SOUND INVESTMENT 
FOR CONCRETE a 


LABYRINTH AVAILABLE IN 2, 3 or 4 rib. 
ON YOUR CONSTRUCTION : 


1. Consider the investment in design, materials 
and labor (to mention a few). 

2. Then consider how important safe, secure 
watertight concrete joints are. 

3. Thorough watertightness can be secured by 
installing Labyrinth Waterstops—a dividend 
that makes the low initial cost of the product 
insignificant when compared to your total in- 
vestment—and one that insures watertight con- 
crete joints for years! 
e Corrugated ribs grip concrete, insure 
an everlasting bond between joints. 

© Finest polyvinyl plastic resists chemical 
action, aging, severe weather. 

® Takes just seccnds to nail to form... 
easy to cut and splice on location (pre- 
fabricated fittings available). ; 
© There's a Water Seal product for every © 
type of concrete work! E 


It your aim is to stop water seepage, stop it 
effectively with Water Seals’ Waterstops! 


“See Us in SWEET’S” 


New Literature and Free Samples Sent on Re- 
quest—Use Coupon Below 


WATER SEALS, inc. 


9 South Clinton Street, Chicago 6, Illinois 
J. E. Goodman Sales, Ltd. 
Toronto, Ontario 

water SEALS, INC. DEPT. 5 

9 S. Clinton Street 

Chicago 6, Illinois 

Please send free sample and descriptive 

literature. 


Made in Canada for 


Company 


Address 


| 
| 
| 
| 
| Nome_ 
| 
| 
| 
| 


City___ iene a 
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January 1—July 31, 1959 


Robert P. Witt is again in first place with 40' 
credits. Samuel Hobbs is second with 37 credits 
and George B. Southworth is third with 23 credits. 
Lovis A. Gottheil and Faraj Tajirian are tied for 
fourth place with 13 credits each. What can you 
contribute to the growth of ACI? 


Robert P. Witt 
Samuel Hobbs 
George B. Southworth 
Louis A. Gottheil 
Faraj Tajirian 

James Chinn 


EES x 0b bin a6 8 ob wee dake wee 9 
Kenneth M. Huber 
A. T. Klassen 


Joseph J. Shideler 
Henry Aaron 
Robert F. Adams 


Phil M. Ferguson 
Myron L. Goral 
Mauro N. Guzman 
John E. Heer, Jr 
Gregorio Hernandez 
Horace G. Hill, Ill 
poc k ef Aleck E. Hiscox 
Elias Kardaras 
George J. Kerekes 
penetrometer George E. Large 
Leo M. Legatski 


- Ferruh Taskin 
Thousands in use for the W. S. Cottingham 


: * Victor M. Gallo 
strength classification of cohe- Joe W. Kelly 


sive soils on field exploration Jack C. McCoe 
° P P Abel Moreno Przespolewski 
or construction sites and in : W. E. Moulton 


reliminary laboratory studies. Gene M. Nordby 
P Y ry Rafael Enrique Pacheco 


Direct Reading Indicator main- ; 
Michael Alexander 


tains the Reading until reset. W. H. Armstrong 
Ira M. Beattie 


PRICE $15.00 F.O.B. CHICAGO George P. Duecy 
Eberhart Gunther 


Martin J. Gutzwiller 
WRITE FOR B. E. Kester 
COMPLETE 
CATALOG as 
Cr neoyoraled 
Jerome M. Raphael 


4711 W. NORTH AVE © CHICAGO 39, ILLINOIS Emilio Rosenblueth 








NEWS LETTER 





Felix R. Sarapu 
M. F. A. Siddiqui 


Howard Simpson ADD YOUR NAME to the “Honor 


James E. Stanners *- . 
Ghuin €. thane Roll” by securing new members. 
Lewis H. Tuthill The membership committee  re- 
Victor Achim. . cently recommended the following 
ray ye plan for crediting individuals for 
Jay B. Ames obtaining new members: 1 point 
Tamnoon Ansusinha for Student; 2 points for Junior; 3 
John D. Antrim points for Individual; 4 points for 
ype ence Corporation; and 5 points for 
Seen Stent Contributing, 

J. G. Bodhe 











Dan E. Branson 

John E. Breen Ronald Lazar 

Ralph B. Brenan, Jr Elmer C. Lee 

C. F. Brown, Jr Janis Liepins 

Theodor H. Busck Henry Lipkind 

G. M. Butcher Russ A. Loveland 

Guillermo Castellanos G Pedro Lainez Lozada C 

T. J. Cavanagh Douglas McHenry 

Solomon Chornik S Keith E. McKee 

Marvin B. Cohen Ernst Maag 

Ralph G. Crimms, Jr M. F. Macnaughton 
Frank B. May 

Raymond E. Davis Amos R. Mead 

Roger D. de Cossio Eduardo Mercado Flores 

Ray C. Dickerson L. Boyd Mercer 

Ward Dobbin Gustaf Mickos 

Albert Dovoli J Otto H. Monch S 

Frederick W. Drury, Jr William J. Moore 

Thomas A. Duwelius Newlin D. Morgan, Jr 

Gene E. Ellis Gene R. Morris 
Leslie E. Moss 
Donald H. Olson 
Cenap Oran 
Diego Parra Pardi 

Joseph J. Fox Orris O. Pfutzenreuter 

Russell H. Fuller R. C. Postlethwaite 

Junius R. Gardner Jack L. Randall 

Ben C. Gerwick, Jr E. B. Rayburn, Jr 

E. J. Gianotti Thomas J. Reading 

Raleigh DeVisme Gipps Raymond C. Reese 

Robert B. Harris Ricardo Rivas-Roman 

Eric J. Hayford Sigmund Roos 

Howard H. Hays Antonio |. Rosquete 
Donald A. Sawyer 

Samuel |. Iwata Herbert M. Schwartz 

J. E. Jellick Burhi M. Scruggs 
Paul Serfass 

Truman R. Jones, Jr 

William W. Karl 

Joseph Karni Jehangir C. Shroff 

Allan A. Kay Floyd O. Slate 

R. Evan Kennedy Stuart H. Snyder 

Frank Kerekes Ralph W. Spencer 

Narbey Khachaturian Leroy A. Staples 

Frank R. Killinger W. N. Steinmann 

DT vacvisavcntdccesvdssedies Willard Stevenson 

Erik Kolle Anthony A. Styner 

William C. Krell 

Felix Kulka F. D. Taylor 

Robert R. Kuske Pastor B. Tenchavez 

Edward Laing 
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J. Antonio Thomen 
John P. Thompson. . 
Sophus Thompson. . 
Sylvester J. Turley 

Ellis S. Vieser 
Bernardo Villegas 

L. T. Willoughby... 
Vernon S. Winkel 
Roberto Zepeda Aldana 
Stanley G. Zynda 
Pedro M. Bassim 
Walter E. Blessey 
Boris Bresler. . . 

Paul E. Chen 

P. Q. Chin... 

Miles N. Clair 

Haraldo Duarte Villela 
Ambrosio R. Flores. . 
D. A. Guntin 

Oscar Latorre M.... 
Joachim F. Leppmann 
Leo Liberthson 

Carl F. Long 

Ernest C. Marmet 
Howard R. May 

Jorge Rodriquez Lebron 
Sabri Sami 


Herbert A. Sawyer, Jr 
Robert F. Schoening 
Javier Santolalla Silva 
K. Sitaraman........ 
A. M. Tovar..... 

Jose R. Perez Valentin 
Ca escent 
J. H. Weaver..... 


The Board of Direction approved applications in 
the following catagories: 69 Individual, 1 Corpora- 
tion, 17 Junior, and 9 Student, making a total of 96 
new members. Considering losses due to deaths, 
resignations, retirements, and nonpayment of dues, 
the total membership on July 1, 1959, was 9936. 


Individual 


Ape.t, Mirton A., North Hollywood 
Engr.) 

AKI, Cornwall, Ont., Canada 
Engr., . Lawrence Seaway Auth 

ALEJANDRO, Grar L., Mexico D Mexico (C. E 
Ready-Mixed Concrete 

BackMaNn, Lars, Helsingfors, Finland (C. E., Ins. tsto 
A. Rosendahl) 

Barciay, Tuomas C., 
Conmix (S. A.) Ltd.) 

BetTHencourt, Micvet A., Caracas, Venezuela (C. E 
Servico de Ingenieria Militar) 

Bonac, Josern B., St. Louis, Mo. (C. E., 
Shifrin) 

Boun, Homer C., Royal Oak, Mich 
Dundee Cement Co.) 

Bosto VeLasquez, Jose Luis, Callao, Peru (C. E. 
Minsterio de Fomento y Obras Publicas 

Bovurronnais, P. P., Montreal, Que., Canada 
Supt., J. D. Stirling Ltd.) 


Calif. (Struct 


Constr. 


Wingfield, S. Australia (Mer 


Horner & 


Sales Repres 


(Gen 


August 1959 


‘ASTELLANOS, Jose F., Miami, Fia. (Arch.) 

SHRISTENSEN, QO. B., Santa Clara, Calif. (Cons. Engr.) 

“HRISTIANSEN, GERALD G., San Francisco, Calif. (Ce 
ment Technologist, Consultant) 

“LAUSSEN, Bonnie A., Karachi, Pakistan (Gen. Advisor 
Dam Constr., United Nations Tech. Assistance 
Board) 

‘ORNELL 
PCA) 

“ORREA, JUAN JOSE 
Soils Engrg. Dept., 
Xola y Universidad) 

Cruzen, Mervin F., Detroit, Mich. (Gen. Mer., Light- 
weight Aggregate Corp., Sub. of Besser Co.) 

Datcovurt, Jorce Moreno, Mexico, D. F. 
(C. E., Secretaria de Obras Publicas 

Decariz, Guy, Montreal, Que., Canada 
J. D. Stirling Ltd.) 

Diaz-Gomez, Cutserto, Champaign, Il 
Stud., Univ of IIL) 

Dorantes Cano, Marcos, Mexico, D 
(C. E., Comision Federal de Electricidad) 

Estes, Howarp M., Boston, Mass. (Sr. Struct. Engr 
Stone & Webster Engrg. Corp.) 

Fenton, Donatp D., Sacramento, Calif. (Chf. Matls 
Section Constr. Div. & Advisor to Distr. Engr., U. 8 
Army, Corps of Engrs 

Fertat, ANprew T., Pittsburgh, Pa 
Engr., Master Bldrs. Co 

Furrrup, Haroup A., Whittier, Calif 
Job Leader, Ralph M. Parsons Co 

Gawiivan, James H., Champaign, IIL. 
Alpha Material & Fuel Co 

Gautier, M Pascagoula, Miss. (C. E 

GUEVARA, ORLANDO, San Jose, Costa Rica (Bridge 
Insp., U. S. Dept. of Commerce, Bur. of Pub. Rds 

Hayes, Joun H., Teheran, Iran (C. E.. Ammann & 
Whitney-Husted 

HENDRICKSON, Freprick E., Lakewood, Colo 
Engr., Ib Falk Jorgensen, Cons. Engr 

Hickman, E. T., Nashville, Tenn. (C. E. 
Engrs., Nashville Distr.) 

JasiuKaitTis, Eric, Cicero, Il. 
Belli Co.) 

Jones, Recinatp Bruce, Sydney, 

Partner, Jones-Howe & Chambers 

Jorrns, Evcene L., Urbana, Ill. (Sr. Engr 
Daily & Dietz 

Joy, JAMES Ce I reeport 

Lanorur, HerRmMan 


Harry A., Ft. Collins, Colo. (Field Engr 


Mexico, D. F., Mexico (Chf. of 
Secretaria de Obras Publicas, 


Mexico 
Chf. Engr 
Grad. C. FE 


Mexico 


Sales & Service 
Struct. Engr 


Sec.-Treas 


Struct 
Corps of 
Struct. Engr., Belli & 
NSW, Australia 

Clark 


Texas (C. E 


City of Freeport) 
Cedarhurst, L. L, N. Y ’ 
Pres., Gen. Mgr., Jackbilt, Inc 


(Vice- 


LatTurup, Donato E 
Master Bidrs. Co.) 

Matinowskt, Roman 
C. E., Technion, Israel Inst. of Tech 

Antuony C., Jr., Elgin, Ill. (Chf. Draftsman 
Schmidtke & Layer, Archs 

Mason, E. B., Detroit, Mich 
Branch, Detroit Steel Corp.) 

McDonnetit, Rosert B., Tucson, Ariz. (Chf 
Johannessan, Girand & Taylor & Taylor) 

McKinnon, Watter A., Weymouth, Mass 
Engr., Linenthal & Becker 

McLe.tianp, Arcuisatp, Wilmington, Del 
Repres., Hercules Powder Co.) 

McTaaeoart, James W 
Engr., PCA) 

MerTrRopov.Los, PANAYoTIS 
Design, Public Power Corp.) 

Moae, Donato W., Morton Grove, Ill. (Proj 
Research Dept., Great Lakes Carbon Corp.) 

Prev, H. E., Sr., Augusta, Ga. (Struct. & Arch. De 
sign, Peihl Engrg. Co.) 

Permezer, Marcus Mortimer, Woomera, South Aus- 
traha (Asst. C. E., Hansen, Wilckens & Hornibrook 

PorertNer, Herxsert G., Clayton, Mo. (Public Works 
Director, St. Louis County) 

Pov ios, Cuar tes Demetrios, Agana, Guam (Founda- 
tions Branch Mer., U. 8S. Navy Bureau Yards & 
Docks) 

Recio Soss, Jose Oscar, Monterrey, N. L 
(Designer, C. E., Hojalata y lamina 8. A.) 

Reiser, ApranaM, Haifa, Israel (Struct. & Cons. Engrg. 
Office) 

Ressecer, R. B 
ger, Engr.) 

Ropertson, E. E. 
Research Dept 


Willoughby, Ohio (Sales Repres 


Haifa, Israel (Assoc. Prof. of 
Martin 
Mer., Commercial 
Engr 
Struct 
Tech 
Okla. 


Stillwater (Agric 


Athens, Greece (Struct 


Supv 


Mexico 
Portland, Oregon (C. E., R. B. Resse- 


Winnipeg, Canada (Mar., Engrg. & 
Winnipeg Supply & Fuel Co., Ltd. 





NEWS LETTER 


CONCRETE TRACTOR 


NO OTHER DEVICE EVER DEVELOPED 
FOR THE PREPARATION OF POURED 
CONCRETE SLABS COULD EVER MAKE 


These Proven Claims... 


@ TRACTORING FLOATS MEDIUM AGGREGATE 
Speeds preporation time where stiff slumps are 
poured, for top quality concrete 


@ TRACTORING MAKES “PASTE” SURFACE . . FAST 
Longer contact with mix keeps coarse aggregate 
down until ‘fines’ rise around and above 


@ TRACTORING ENDS WADING IN THE MIX 
Because you ‘tamp” a large area with an easy push- 
pull motion, jitterbugging goes. many times faster 


@ TRACTORING “LIBERATES” ONE MAN 
Since it’s so easy to use, you can use your jitterbug 
man for many other jobs besides tamping 


@ TRACTORING MAKES NEW TEXTURES POSSIBLE 
New textures and new traction surfaces available 
without costly preparation 


CRAWLING JITTERBUG © 


CONCRETE TRACTOR MEANS BETTER CONCRETE . 
IN LESS TIME AT LOWER COST! 


Precision engineered and fully job-proven, the Crawling Jitterbug 
Concrete Tractor consists of 46 parallel steel rods, each 35” 
across, operated by gear-driven sprocket chain. Easily operated 
by one unskilled man, without fluctuation in performance caused 
by fatigue! Completely assembled, with 12-foot sectional handle, 
ready to use on the job. Complete, $115.00, FOB Factory in 
Kansas City. Or write for FREE descriptive booklet on this senso- 
tional new machine! 





Close-up photo of Tractored surface 
shows how concrete Tractor’s parallel 
bors press straight down into mix 
allowing medium and fine particles to 
rise around them. No other method 
leaves surface prepored os shown in 
this photo! 


Sawed cross-section of ordinary slab 
which wos not Tractored shows how 
the coorse aggregote lies too close to 
finished surface — ready to peel and 
spall. Ordinary preparation methods do 
not let fine and medium porticles rise 
around and above coarse aggregate 
Over-working of mix may depress coarse 
material too for and weaken slab. 


Sawed cross-section of Tractored slob 
shows even distribution of coarse ag- 
gregate. Coarse material is held just 
below surface, to permit rise of perfect 
paste. But distribution is even, without 
settling of coarse material to bottom 
of mix, which would alter monolithic 
structure of finished concrete. 


FREE Booklet describes new method completely—provides facts 
and specs on this great machine! Write for your copy, today! 


1922 Walnut Street 


Toot cOomPrany 


Kansas City 41, Missouri 
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Roprigvez, Luis Maciet, Mexico, D. F., Mexico (De- 
sign C. E.) 

Romero B., Levy, Caracas, Venezuela 
Engr., Direccion del Transito Terrestre) 

Scuiecet, Geratp J., Colorado Springs, Colo. (Part- 
ner, Tyree & Schlegel) 

Sermwet, Kurt, Houston, Texas (Salesman, The Lof- 
land Co.) 

Sem, Cuarves, El Cerrito, Calif. (Assoc. Bridge Engr., 
State Div. of San Francisco Bay Toll Crossings) 

SkowRonsk!, Mieczysitaw, Lagos, E. B., Nigeria (Sec- 
tion Leader of Planning Unit, British Railways) 

SPANGENBERG, ALBERT C., Detroit, Mich. (Sales 
Repres., Master Bldrs. Co.) 

Sreeve, E. B., Boise, Idaho (Owner, Gem State Test- 
ing Lab.) 

Tanpoc, Ruperro M., Pasay, Philippines (Chf. Matls. 
Control Engr., Morrison Knudsen International Con- 
structors, Inc.) 

Tuomas, Raymonp E., Ste. Foy, Que., Canada (Chf. 
Struct. Engr., Pierre Warren, Cons. Engr.) 

Vacca, Frank J., Eastchester, N. Y. (Tech. Dir., 
— Testing & Res. Lab., Vacca Testing & Res. 
sand.) 

Warp, Micuaet Auian, Winnipeg, Man., 
(Sales Repres., Master Bldrs. Co.) 

Wittey, L. E., Santa Ana, Calif. 
Bidrs. Co.) 

Witiiams, Lioyp, Trail, B. C., Canada (Asst. Mer., 
Engrg. Div., Consolidated Mining & Smelting Co. of 
Canada Ltd.) 

Zastavsky, A., Haifa, Israel (Sr. 
Engrg., Technion, Inst. of Tech.) 


(Industrial 


Canada 


(Salesman, Master 


Lecturer in Civil 


Corporation 


Trintipap Reapy-Mrx Concrete Co., Lrp., Eastern 
ne Laventille, Trinidad, W. I. (Eric A. Valere, 
ech. Dir.) 


Junior 


Aquirre, Raymunpo, Parral, Chih., Mexico (Design & 
Constr.) 

AnMAD, SHAFID, Warsak, Peshawar 
seer, H. G. Acres Co. Ltd.) 

BartLett, Kennetu O., Fredericton, N. B., Canada 
(Design Engr., Supv. Testing Lab., Associated De- 
signers & Archs.) 

Bisnop, Eart D., Kansas City, Mo. (Detailer-Designer 
Howard, Needles, Tammen & Bergendoff) 

CampBet.L, Cotrn Rogert Murray, Mexico, D. F., 
Mexico (C. E., Ingenieria Especializda de Mexico 

CuapmMan, Maro H., Jr., Hartford, Conn. (Cons. & 
C. E., Henry Souther Engrg. Co.) 

Correa D., Cantos, Mexico, D. F., 
DIRAC) 

Dunn, Keirn, Fresno, Calif. (Draftsman & Field Man, 
Braun & Pasillas, Civil Engrg. 

Fawkes, Patrick E., Winnipeg, Man., Canada (Asst. 
Engr., Site Supv., Canadian National Railways) 

Matuis, Haroip M., Orangevale, Calif. (Asst. Distr 
Testing Engr., Pacific Cement & Aggregates, Inc.) 

McCreenry, Jack, Lindstrom, Minn. (C. E., Minnesota 
State Hwy. Dept.) 

Munoz Deicapo, Ravi Homero, Monterreyn N. L 
Mexico (C. E. Hojalata y Lamina, 8. A.) 

Rincon-FERNANDEZ, HERNAN, Maracaibo, Venezuela 
(C. E., Instituto Nacional de Obras Sanitarias 

Sankey, Foster C., Reedsville, Pa. (Bridge Design I, 
Pennsylvania Dept. of Hwys.) 

Scroceins, Duane L., San Francisco, Calif. (Jr. C. E 
San Francisco Bay Toll Crossings) 

Satu, C. G., Brisbane, Queensland, Australia 
Design Engr. III, Main Roads Dept.) 

Wickert, Ricuarp W., Reseda, Calif. (Struct. De- 
signer, T. Y. Lin & Assocs.) 


Pakiston, (Over- 


Mexico (C. E., 


Bridge 


Student 


Fauna, Aro, Aleppo, Syria, U. A. R. (Robert College) 

GENTOFANT!I, Dominic G., Niagara Falls, N. Y. (Mich. 
College of Mining & Tech.) 

Fia.a, Frep, Berwyn, Ill. (Univ. of Ill 

Haynes, Joun Hays, West Lafayette, Ind. 
Univ.) 

Kuoe., Apranam, New York, N. Y. 

Lesron, Jose ANTONIO, Patillas, Puerto Rico 

Prata Lov, Roserto Emanvet, Guatemala, Guate- 
mala (Depto. Diseno Calculo) 

SanTaMariA, Jame, Bogota, Colombia (Univ. of Ill.) 

Tevreyan, Kevork, Istanbul, Turkey (Robert College) 


(Purdue 


CONCRETE INSTITUTE August 1959 





Tools, Materials, Services 





Under this heading note is made of producer litera- 
ture and products of presumed technical interest 
to ACI users of tools, equipment, materials, acces- 
sories, and special services. 





Compression testing machi 
Designed specifically for use in laboratories having a 
steady work load of routine concrete compression tests, 
the Forney Model LT-701 is 
a 350,000-Ib 
pression machine conforming 
to all current ASTM spec- 

ifications. 
Standard 





capacity com- 


equipment in- 
cludes complete upper platen 
assemblies for cylinders and 
blocks, a 16-in. 


indicator, 


diameter 
load automatic 
illuminated 
instrument panel and work 
built-in monitor 
gage for checking the load indicator, and a hardened 
wear plate to protect the lower platen.—forney’s Inc., 
Tester Division, Box 310, New Castle, Pa. 


limit switch, 


table, a 


Forms for concrete stairs 


Stairbuilders announce the production of a new line 
of prefabricated metal forms for reinforced concrete 
stairs. 

The one piece units are complete with metal riser 
fronts, reinforcing and temperature rods, plate, channel 
or exposed stringers. 

Accuracy in dimensions, properly spaced welded rein- 
the tread, 
stringer and railings, are advantages cited by manufac- 
turer. Specification data sheets and catalog (AIA File 
No. 14-D) available—Stairbuilders, Division of American 
Stair Corp., Route 66, McCook, III 


forcing, and flexibility in design of riser, 


Precast concrete docks 


Precast reinforced concrete docks and walkways for 
small boats are now available through distributors of 
Fibrecrete Corp. 

Called the Unifloat 
bility even in rough water, requires no painting, and 


the dock features extreme sta- 
does not rot or splinter. The dock is a one-piece hollow 
Available 
in 3, 4, 6, and &ft widths, the units are modular and 


float and deck with a dead weight of 23 psf. 


can be joined together to provide any combination of 
walkways desired.—fibrecrete Corp., 1617 W. Gaylord 
St., Long Beach 13, Calif 


Admixture 


Arid-Mix, marketed by American Sta-Dri Co., is a 
mild chemical hydrate that can be used in the mixing 
of any masonry product containing portland cement. 
According to the company it is said to “waterproof” 
concrete, increase compressive strength, and improve 
workability, bond, and density.—American Sta-Dri Co., 
Brentwood, Md. 
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Finishing slabs 
Goldblatt 


Tool Co. has introduced the “Jitterbug 


Crawler. Basic function of the tool is to depress 


larger aggregate below the surface of the slab and to 
bring a thin layer of fine and semi-fine aggregate to the 
surface for quick and easy finishing. 

The tool uses an arrangement of 45 parallel steel 
rods, each 35 in. long, all attached to two chains. 
These chains move on four sprockets to drop each 
down into the concrete as the operator 
The 


rods hold the larger aggregate just below the surface 


rod straight 
pushes the crawler over the surface of the slab. 


of the slab according to company spokesman. 


Made primarily of lightweight corrosion resistant 
wide over-all 
25 lb. It is 


takes extensions 


metals, the unit is 11 in. high, 37 in. 


and weighs about 
handle that 


tread width 35 in 
10-in 


41010 


Goldblatt Tool Co., 1910 


furnished with 


Walnut St., Kansas City 8, Mo 


Masonry sow 


The redesigned E/E includes three 


features that are said to increase the safety of operation 


masonry saw 


and speed up cutting of all types of materials. 


These are: self positioning blade guard that enables 


blade to remain level at all cutting heights; material 


cart with smooth rubber top; and single arm support 


enabling straight through cutting in line with the 


blade. 

Other features cited are cam plate height adjustment, 
jig-welded steel table, adjustable safety guard, foot 
feed 


ment, Inc., Waterloo, lowa 


and totally enclosed motor.—Engineered Equip 


Novel application of end-welded studs 


Anti-earthquake construction features providing 


substantial labor savings were achieved with a novel 


application of end-welded studs on the new 13-story 


Los Angeles headquarters of International Business 


Machines Corp 


Studs were also used in connection with another 


same building—a 7-in 
the 


which served as both a vertical 


architectural innovation in the 
high channel section running completely around 
building at each floor 
concrete form and a screed top. Studs welded to the 
inside of this channel were used as anchors, while others 
on the exterior supported brackets for sunshades 

To resist earthquake uplift and horizontal shear forces 
between the concrete floor slabs and the building beams 
the 


These 


14,000 shear connector studs were specified by 
Pereira and Luckman. 
% in. in diameter and 34 in. long, were welded 


architects and engineers 


studs 


singly, 24 in. apart, on the top flanges of all beams. 

The structural contractor estimated that this work, 
done without scaffolding after the steel was erected, 
saved approximately 50 percent in labor costs alone, 
compared to alternative methods of installing com- 
parable fasteners. 

While the Los Angeles building is not of composite 
construction and the studs are not being utilized as shear 
connectors, the studs do take a calculated load. 

The other application of studs, on the horizontal 
channel section around each floor, also resulted in sub- 
stantial labor cost savings, compared with the cost of 
hand welding similar alternative fasteners 

Six thousand straight threaded studs, % in. in diam- 
eter by 1% in. long, were welded in groups of two on the 
where they support sunshade 
8000 bent 
These studs are 44 in. 
in diameter by 6 in. long, with a 2 in. leg.—Nelson Stud 
Welding Division, Gregory Industries, Inc., Lorain, Ohio 


outside of the channel 


brackets. On the inside of the channel 


anchor studs are used as anchors 


MODEL FT 20 


JOBSITE 
CONCRETE TESTER 


FOR: CYLINDERS, CORES, 
BLOCKS, BEAMS, CUBES, 
BRICK AND DRAIN TILE 
FORNEY’S INC. 
TESTER DIVISION 
BOX 310, NEW CASTLE, 
PA., U.S.A. 
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ALPHABETICAL LIST OF ADVERTISERS 


(Page Numbers refer to News Letter) 
American-Marietta Company, Concrete Products Division .18 
American Steel & Wire Division, United States Steel. . .20-21 
Concrete Reinforcing Steel Institute 
Forney’s Inc., Tester Division 
Goldblatt Tool Company 
Lehigh Portland Cement Co 
Marathon, Division of American Can Company 
Sika Chemical Corporation 
Soiltest, Incorporated 
Sonoco Products Company 


Water Seals, Inc 





The Institute responsibility for the claims of advertisers. The ad- 
vertiser is made responsible in the belief that his place in the field will be de- 
termined by the public's ultimate measure of his exercise of that responsibility. 











NOTICE Change of Address NOTICE 


To avert any delay in receiving my ACI Journal, | wish to give notice of a change 
in my mailing address. (PLEASE PRINT) 


1 New Address: 
NAME 


a oe 
ar ___ZONE STATE__ 


i Old Address: 
STREET & NO 


CITY ZONE STATE 





























155 Reasons Why... 


What is the purpose of air entrain- 


ae in concrete? 


| 


| 7 How can durable aggregates be assured? 


proportions of aggregates and cements? 


. the ACI CONCRETE PRIMER should be your guide 
to better concrete. The PRIMER develops in simple terms the 
principles governing concrete mixtures and presents a handy ref- 
erence text for those who apply these principles to the production 
of permanent structures in concrete. Expanded to 72 pages— 
155 answers—the new pocket-size edition of the CONCRETE 
PRIMER brings developments of the past three decades into 
the question-and-answer format of this long-popular handbook. 


$0.50 TO ACI MEMBERS NONMEMBERS $1.00 


American Concrete Institute, P.O. Box 4754, Redford Station, Detroit 19, Michigan 


Please send__ copies of the 1958 edition of the ACI Concrete Primer. 
($0.50 for ACI members, $1.00 for nonmembers) 


Check (or money order) enclosed for 

















1959 REGIONAL MEETING—MEXICO CITY—NOVEMBER 2-5 


THIS MONTH 


Papers and Reports 97-174 


Fire Resistance of a Prestressed Concrete Floor Panel 


G. E. TROXELL 97 


Surface Cooling of Mass Concrete to Prevent Cracking 
ROY W. CARLSON and DONALD P. THAYER 


Folded Plate Raft Foundation for 24-Story Buildin 
IGNACIO MARTIN and SIXTC 


General Elastic Analysis of Flat Slabs and Plates 
IOHN F. BROTCHIE 


as 


Experimental Investigation of Flat Plate Floors 
ISRAEL ROSENTHAL 


Creep Recovery of Mortars Made with Different Cements. . 
A M NE VILLE 


Current Reviews 


News Letter 


1959 JUNTA REGIONAL DEL ACI—MEXICO D. F.— 
2 AL 5 DE NOVIEMBRE 








